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Abstract 
The Relationship between Dorsolateral Prefrontal Activation and Speech Performance-
Based Social Anxiety using Functional Near Infrared Spectroscopy  
Anootnara Talkul  
Meltem A. Izzetoglu, James D. Herbert. Supervisors, Ph.D. 
 
 
 
 
 Social anxiety disorder (SAD) is currently one of the most common psychiatric 
disorders diagnosed in the United States. Functional near-infrared (fNIR) spectroscopy is 
a promising new technology that has already demonstrated utility in the study of normal 
human cognition. The present study utilized fNIR spectroscopy to examine the effect of 
social anxiety and performance on hemodynamic activity in the dorsolateral prefrontal 
cortex (DLPFC). Socially phobic participants and non-clinical participants with varying 
levels of social anxiety completed a public speaking task in front of a small virtual 
audience while the DLPFC was being monitored by the fNIR device. Our findings 
revealed that the relationship between anxiety and both blood volume (BV) and 
deoxygenated hemoglobin (Hb) varied significantly as a function of speech performance, 
such that individuals with low social anxiety who performed well showed an increase in 
DLPFC activation relative to those who did not perform well. This result suggests that 
effortful thinking and/or efficient top-down inhibitory control may have been required to 
complete an impromptu speech task with good performance. In contrast, good performers 
who were highly socially anxious showed lower DLPFC activation relative to good 
performers who were low in social anxiety, suggesting autopilot thinking or less-effortful 
thinking. In terms of poor performers, slight increases in DLPFC activation were 
observed from low to highly anxious individuals, which may reflect a shift from 
xi 
effortless thinking to heightened self-focused attention. Heightened self-focused 
attention, poor inhibitory control resulting in excessive fear or anxiety, or low motivation 
may lower performance. These results suggest that there can be different underlying 
mechanisms in the brain that affect the level of speech performance in individuals with 
varying degrees of social anxiety. This study highlights the utility of the fNIR device in 
the assessment of changes in DLPFC in response to exposure to realistic, phobic stimuli, 
and further supports the potential utility of this technology in the study of the 
neurophysiology of anxiety disorders. 
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CHAPTER 1: INTRODUCTION 
 
 
 
1.1 Motivation 
 Social anxiety is a feeling of displeasure, fear, or anxiety about social interaction. 
The range of social anxiety exists along a continuum from minimal to moderate to severe. 
As levels of social anxiety and fear become extreme and persistent, it can be classified as 
a clinical disorder, known as social anxiety disorder (SAD), which is also referred to as 
social phobia (SP). Social anxiety disorder is one of the most commonly diagnosed 
psychiatric disorders in the United States. It can impair social functioning and hence 
reduce quality of life.  
 Considering its prevalence, there has been a clear increase in attention to social 
anxiety and SAD over the past three decades among researchers and clinicians. Most of 
the existing treatments for social anxiety (both pharmacologic and psychotherapeutic) 
emphasize reduction of anxiety and avoidance, but neglect to focus as much on 
improving long-term social performance and relapse prevention. Moreover, underlying 
treatment mechanisms are poorly understood, and few data exist to support optimal 
matching of treatments to patient characteristics. Prior to the 1980s, little research had 
been conducted on the etiology, severity, and treatment of social phobia (Liebowitz, 
Gorman, Fyer, & Klein, 1985).   
 In order to improve treatment efficacy and efficiency, more reliable, valid, and 
precise research data are needed. In particular, our current understanding of the biological 
underpinnings of this disorder is limited (Mathew, Coplan, & Gorman, 2001). 
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Neuroimaging technologies (e.g., positron emission tomography (PET); single positron 
emission tomography (SPECT); functional magnetic resonance imaging (fMRI)) provide 
new avenues for studying neurocognitive correlates of social anxiety. Moreover, studies 
conducted using established brain imaging technologies have significantly increased our 
knowledge on the neurophysiology of social anxiety, ranging from clinical patients to 
nonclinical analog samples with varying levels of social anxiety, as well as animal 
models. However, due to their intrinsic limitations, such as restrictions in movement in 
confined spaces and requirements to remain in a supine position during assessment, they 
cannot be used in naturalistic settings that can provoke social anxiety in an ecologically 
valid way. Hence, the common symptoms of social anxiety in adults have been examined 
by recording brain activation under varying laboratory settings: at resting state or 
provocation (e.g., viewing images/faces, hearing sounds, very rarely giving a speech). 
Studies using existing technologies have found significant and consistent evidence of 
altered brain functioning in social anxiety, especially in the insula, amygdala, rostral 
anterior cingulate cortex, hippocampus, left allocortex, frontal gyrus, and superior 
temporal cortex. However, very few social anxiety studies have looked into the prefrontal 
cortex (PFC), especially while performing a speech task.  
 Indeed, the PFC has emerged as a key contributor in many anxiety disorders, 
including social anxiety (Davidson, 1992). The dorsolateral prefrontal cortex (DLPFC) is 
believed to play a crucial role in motor planning, executive function and organization; 
and the right DLPFC is found to be hyperactive in clinical populations with social phobia 
during symptom provocation (Tillfors et al., 2002). However, with limited existing 
research on the PFC response to anxiety, consistent findings remain elusive. For example, 
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Etkin & Wager (2007) reported that hyper- or hypo-activation in the frontal region was 
not observed in social anxiety. Contradicting these results, other studies (Blair et al., 
2010; Guyer et al., 2008) report a consistent relationship between increased activity in 
both limbic structures and the prefrontal cortex (i.e., bilateral inferior frontal cortex, the 
medial orbital frontal cortex) in SAD subjects (patients >  healthy comparison groups) 
while undergoing anxious symptom provocation. These inconsistent findings may be due 
to variations in laboratory settings (i.e., brain imaging differences [e.g. fMRI, PET, 
SPECT], experiment type [e.g. provocation, visual/faces]). Therefore, further 
investigation on the role of PFC activation in social anxiety is warranted. 
 Beside the traditional experimental techniques and methods in social anxiety 
studies, it is well established that individuals with social anxiety tend to avoid or escape 
social activities because of fears. However, when individuals cannot avoid or escape, 
adequate social skills are needed to interact appropriately in social contexts. When 
lacking social skills, poor performance can be expected to occur, particularly when 
anxiety is aroused. Therefore, in order to investigate brain activation as a response to 
socially anxious provocation (especially, with public speaking exposure), integration of 
the relationship between performance, anxiety, and brain activation should be taken into 
consideration. If these effects are not evaluated in relation to each other, one can never be 
sure whether changes in brain activity (hyper- or hypo-activation) in a certain region is 
associated with problems with behavioral performance,  high levels of anxiety or arousal, 
or both. Moreover, a better understanding of the relationship between anxiety, brain 
functioning, and social performance might help to explain the pathology of anxiety 
disorders.  
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 In the past decade an emerging neuroimaging modality namely functional near 
infrared (fNIR) spectroscopy based on optical measurements has been developed and 
applied to many cognitive studies involving attention, memory, sensory, motor and 
language tasks. FNIR technology measures changes in hemodynamic response in terms 
of oxygenated hemoglobin (HbO2) and deoxygenated hemoglobin (Hb) in relation to 
cognitive activity measured from the PFC without confining participants to closed spaces 
or supine positions, and does so in a safe, affordable, and portable way. Hence, it can be 
used in ecologically valid and realistic situations as required in public speaking anxiety 
(PSA) studies. In fact, the current generation of fNIR spectroscopy (developed by Optical 
Brain Imaging group at Drexel University) has recently been employed in two Drexel 
Master’s theses on PSA and analog populations with high and low social anxiety, while 
giving a speech and anticipation (Tuscan et al., 2013; Glassman, 2012). In these 
preliminary studies, the device demonstrated successful capture of real-time 
hemodynamic changes in the DLPFC as a function of naturalistic social behavior.    
 In the present thesis, building upon those two prior studies, examined the 
interaction of trait/state anxiety, speech performance, and changes in DLPFC in samples 
with a varying levels of social anxiety. Since differences in brain activation could 
possibly be the underlying/resulting factor of changes in speech performance and/or 
levels of social anxiety, we believe considering these factors together in relation to each 
other may help elucidate individual differences in social anxiety, and hence in the future 
may guide in the development of better treatment procedures and in the evaluation of 
their outcomes. In addition, the utility and feasibility of the fNIR device in the 
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investigation of SAD in clinical populations in relation to matched healthy controls will 
be explored, thereby laying the groundwork for future research.  
1.2 Background and Significance 
1.2.1 Social Anxiety  
 Shyness is a common emotional state. However, excessive shyness can result in 
fear and anxiety. Fear and anxiety are not limited to any single age group or gender, and 
occasional fear or anxiety is not unhealthy. Social anxiety is a feeling of displeasure, fear, 
or anxiety about social interaction and the range of social anxiety exists along a 
continuum from low to moderate to extreme levels (see Figure 1; Hoffmann & Dibartolo, 
2010). However, as levels of social anxiety and fear become extreme and persistent, it is 
classified as a clinical disorder, known as social anxiety disorder, also referred to as 
social phobia. 
  SAD is defined as a marked and persistent fear of social situations, in which one 
is worried about being negatively evaluated by others or being subjected to 
embarrassment (American Psychiatric Association, 2000). Individuals with SAD 
typically avoid a wide range of social activities because of these fears. SAD is 
distinguished into two subtypes--generalized SAD (gSAD) and non-generalized or 
discrete SAD (DSM-IV-TR; American Psychiatric Association, 2000). Individuals with 
generalized SAD are terrified of most social situations, whereas those with non-
generalized SAD only fear one or a very few specific social situations, e.g., public 
speaking or eating in front of people. Estimates of the prevalence of SAD in the general 
population over the past 30 years have ranged from 2% to 13% (Kessler, et al., 2005). 
Current data suggest that up to 13% of Americans experience SAD at some point during 
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their lifetime, making it the fourth most common psychiatric disorder according to the 
U.S. National Comorbidity Survey (Kessler et al., 1994; Wacker et al., 1992). The onset 
of SAD as a clinical syndrome usually occurs in early to mid adolescence, with an 
average age of onset of approximately 16 years old (Turner et al., 1990), although 
symptoms of the disorder are typically present throughout childhood (Dalrymple, 
Herbert, & Gaudiano, 2007). The most common form of SAD is the generalized subtype, 
with approximately 82% of those diagnosed with SAD being diagnosed with this form of 
the disorder (Grant et al., 2005). 
 Individuals with generalized SAD fear a wide range of social situations. They are 
tormented by negative thoughts of past failures, perceived bad experiences, and 
memories. These thoughts can result in increased rumination about social interactions and 
an anticipation of unfavorable outcomes before they actually occur. These negative 
thoughts are associated with heightened anxiety (Huppert, Pasupuleti, Foa & Mathews, 
2007; Zou, Hudson, & Rapee, 2007). SAD can impact academic performance among 
children and adolescents (Craske, 1999), through the avoidance of class participation and 
oral presentations and, in its worst form, a complete lack of interaction with teachers and 
other students (Beidel, Turner, & Morris, 1999).   
 Despite the prevalence of SAD in our society, the disorder is often untreated or 
misdiagnosed by professionals (Herbert, Crittenden, & Dalrymple, 2004). SAD is often 
comorbid with many other disorders, including generalized anxiety disorder, 
agoraphobia, specific phobias, depression, alcoholism, and panic disorder (Herbert & 
Dalrymple, 2005). The number of publications per year devoted to SAD has increased 
over time, with peaks during the two-year periods 2003-4 and 2009-10.  
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In order to better understand, diagnose, and treat this common disorder, it will be 
helpful to identify its neurophysiological underpinnings. For this purpose several brain 
imaging studies based on established and emerging neuroimaging modalities had been 
conducted, and are summarized below. As mentioned before, since the primary aim of the 
current study is to investigate effects of social performance or skill, anxiety, and brain 
activation together in relation to each other, in the following section, we will first briefly 
define and provide background on social performance and social skill. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Schematic on levels of social anxiety in board spectrum, encompassing both 
nonclinical and clinical populations 
 
 
 
1.2.2 Skill and performance-based social anxiety 
 Social skills in general have wide and varied definitions. Curran (1979) noted 
remarkably that "everyone seems to know what good and poor skills are ... [but] no one 
can define them adequately" (p. 321). Social skills are essential for all ages, and lead to 
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success in other areas in the future. Skills may range from “exceptional” to “inadequate” 
(Lewin, McNeil, & Lipson, 1996). Similar to skill, performance may vary depending on 
how easy or difficult the situation may be, requiring minimal to extensive skill levels.  
 Rather than being a unitary construct, social skills refers to a group of many 
integrated skills that individuals need to communicate effectively with others, including 
skills related to speaking and listening, social interaction, and working together as a team. 
While there is only a limited amount of skill an individual can have to handle a social 
situation, there is also variability regarding the relation of skill and anxiety-related 
behavior (Hopko et al., 2001). One crucial obstacle that can prevent skills from being 
functionally and appropriately activated is the level of anxiety in that moment. That is, 
high levels of anxiety will normally result in poorer performance (Eysenck, 1992).   
 We know that individuals with social anxiety often avoid or escape social 
activities because of fear. However, when escape is impossible or the individual elects to 
engage in a social anxiety, adequate social skills are necessary. When skills are 
insufficient, performance will be impaired. The present study attempted to provide 
indications of neurophysiological underpinnings of performance-related social anxiety in 
individuals across a continuum of anxiety levels, employing an emerging neuroimaging 
modality (fNIR spectroscopy) to address some of the restrictions of studies conducted 
using established neuroimaging techniques.    
1.2.3 Brain imaging studies of social anxiety using established neuroimaging modalities 
 In the majority of neuroscience studies, including the ones conducted on social 
anxiety populations, PET, SPECT, and fMRI are used as the primary instruments for 
recording brain activity, as they can image deep into the brain with high spatial 
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resolution. In particular, fMRI has become the most commonly used brain imaging 
technology in social anxiety publications over the past six years.  
 First, studies using fMRI for examining the biological mechanisms of social 
anxiety have focused on various brain regions such as the amygdala, anterior cingulate, 
basal ganglia, and PFC. Most studies have explored the neural response to facial 
expressions of emotion, symptom provocation paradigms, and disorder-related 
abnormalities in dopamine or serotonin neurotransmission. The amygdala is mainly 
sensitive to social signals (Zald, 2003), and is importantly involved in the perception of 
prospective danger (Amaral, 2003). Therefore, in order to investigate the relationship 
between amygdala reactivity and the processing of different facial expressions in 
individuals with social anxiety, many studies have presented different facial emotions 
(angry, fearful, disgusted, sad, neutral, happy) while participants underwent a high-field 
MRI scan. Studies using fMRI have found significant and consistent evidence of altered 
brain functioning in social anxiety, especially in the insula, amygdala, rostral anterior 
cingulate cortex, hippocampus, left allocortex, frontal gyrus, and superior temporal 
cortex. More intense facial displays of threat appear to engage greater activity in these 
brain regions (e.g., Blair, 2008; Campbell, 2007; Phan, 2006; Shah, 2009; Winston et al., 
2003; Yoon, 2007).   
 A limited number of studies have been published that used PET in social anxiety 
populations. Most of these studies investigated a mechanism of anxiety medication such 
as tiagabine, nefazodone, and paroxetine in various dosages. These studies have found 
significantly increased rCMRglu in ventral medial PFC after treatment with tiagabine 
(Evans et al.,2009); increased rCBF in the left middle occipital, bilateral lingual gyri and 
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hippocampus after treatment with nefazodone (Kilts et al. ,2006); and increased serotonin 
transporter (SERT) in all regions measured after treated with paroxetine (Kent et al., 
2002). 
  Only a few studies have used SPECT in social anxiety populations. These studies 
mainly investigated a mechanism of anxiety medication such as cannabidiol, d-
amphetamine, or citalopram. Results showed decreased anxiety and reduced 
hyperactivation in the parahippocampal gyrus, hippocampus, inferior temporal gyrus, and 
striatum (Crippa et al., 2011; Schneier et al., 2000; Tiihonen et al., 1997), and decreases 
in rCBF in comparison to healthy controls (Stein and Leslie, 1996). 
 In summary, studies conducted using established brain imaging technologies have 
significantly increased our knowledge of the neurophysiology of social anxiety. Although 
consistent evidence has been found in terms of altered activation in certain brain regions 
(e.g. insula, amygdala, hippocampus), results are conflicting in studies investigating 
hemispheric asymmetry (right versus left hemisphere) in social anxiety. Even though 
early theories of prefrontal laterality claim that the left and right hemispheres are 
responsible for positive and negative emotions, respectively (Davidson, 1984), findings 
of recent studies do not provide enough evidence to draw reliable conclusions. This may 
partly be because of using different tasks to provoke social anxiety that are appropriate 
for the neuroimaging modality employed but not truly representing the type of anxiety 
realistically especially for PSA. Hence, there is a need for additional research to establish 
the neurophysiological correlates of social anxiety under ecologically valid situations. 
Experimental settings should try to simulate realistic fear conditions as much as possible, 
especially socially engaging situations such as speaking exposure task. Although 
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established neuroimaging modalities are not suitable to investigate this type of phobic 
social stimulus in naturalistic settings, emerging neuroimaging modalities such as fNIR 
spectroscopy that have the capability of measuring brain activity in natural environments 
where subjects can talk, move, and stand in front of an audience may provide a more 
suitable tool to study the neurophysiology of social anxiety and SAD.  
1.2.4 Functional near-infrared spectroscopy  
 Over the last decade, functional near-infrared spectroscopy has been introduced as 
a new brain imaging modality for conducting functional brain-imaging studies. FNIR 
spectroscopy allows for in vivo measurements under real life conditions (or ecologically 
valid assessments). It has become a promising new technology that has already 
demonstrated utility in the study of normal human cognition. Similar to fMRI, fNIR 
spectroscopy measures hemodynamic changes in the brain due to cognitive activity, 
although it cannot image as deeply into the brain as other technologies (Bunce, Izzetoglu, 
Onaral, & Pourrezaei, 2006). Unlike PET and fMRI, fNIR spectroscopy does not require 
subjects to lie down in a confined and noisy environment (Davidson, 1992; Dewar & 
Stravynski, 2001). Furthermore, fNIR spectroscopy is less susceptible to movement 
artifacts relative to fMRI. Therefore, the individual is allowed to move and use non-
verbal expressions during actual anxiety provocation in real life settings, which can 
potentially lead to more relevant data. Such assessments are particularly relevant in the 
study of social anxiety, because the anxiety-provoking situations that will instigate the 
pathology are, by definition, social. In addition, there is no need to inject any radioactive 
tracer isotopes into the body.  
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 One of the first studies that used fNIR spectroscopy in neuropsychological 
research was performed on Alzheimer’s patients in comparison to a similar control group. 
The results showed reductions in frontal lobe metabolism (Hock et al., 1996). Afterwards, 
many researchers used fNIR spectroscopy to replicate neuropsychological studies that 
had originally used fMRI technology. For example, Fallgatter and Strik (2000) found 
higher left and right hemisphere deoxygenated hemoglobin levels in schizophrenics 
compared to control groups. These results were later replicated with fNIR spectroscopy 
in the same population (Platek et al., 2005; Shinba, et al., 2004). Other studies used fNIR 
spectroscopy to replicate frontal lobe findings in individuals with depression and bipolar 
disorder (Davidson & Irwin, 1999; Matsuo, Kato, & Kato, 2002). In addition, one study 
found that panic disorder was associated with decreased activity in the left frontal lobe 
during exposure to emotional stimuli when compared to control groups (Akiyoshi et al., 
2003). Moreover, after the Tokyo Subway Sarin Attack, a study of post-traumatic stress 
disorder (PTSD) also used fNIR spectroscopy and found decreased levels of Hb in the 
PFC (Matsuo, et al., 2003).  
 1.2.4.1 Principles of fNIR spectroscopy. A wearable fNIR spectroscopy system 
used in this current study was developed by the Optical Brain Imaging Group at Drexel 
University. The current generation system has three primary components: an LED-based 
sensor, a control module with integrated power supply for sensor control and data 
acquisition, and a laptop computer for the data collection and analysis software and data 
storage (see Figure 2). FNIR spectroscopy works by emitting certain wavelengths of light 
from the headband, which are able to penetrate through the scalp of the participant (see 
Figure 3). Generally, when light comes into contact with a substance, photons can be 
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reflected, scattered, or absorbed and the rates of absorption, scattering, and reflection 
vary depend on the nature of the substance and the wavelength of the light. In biological 
tissues, the main constituent of the body is water. After penetrating the scalp, photons are 
less absorbed by the water than the hemoglobin within the near-infrared light range 
between 700 and 900 nanometers (nm) (see Figure 2b). The result can be interpreted by 
measuring the amount of light reflected back to the apparatus, which is based on the 
ratios of Hb and HbO2 in the specific areas of the brain being monitored (Hoshi, 2007; 
Izzetoglu et al., 2007; Jobsis, 1977) (see Figure 3). By measuring optical density (OD) 
changes at two wavelengths, the relative change of Hb and HbO2 over time can be 
obtained using the modified Beer–Lambert Law (Izzetoglu, Devaraj, Bunce, & Onaral, 
2005). 
 If the intensity measurement at an initial time is Ib (baseline), and at another time 
is I, the OD change due to variation in the concentrations of chromophores, Hb and HbO2 
during that period is 
ΔOD = log10
  
 
                                          (1) 
where      and        are changes in Hb and HbO2 concentrations,     and       are 
the molar extinction coefficients of Hb and HbO2, respectively and L is the total photon 
path length related to the physical source detector separation and differential path length 
factor. Measurements performed at two different wavelengths allow the calculation of 
changes of Hb and HbO2. Then, oxygenation and BV can be deduced as follows: 
Blood Volume = HbO2 + Hb         (2) 
This feedback will produce information about brain activity in the regions measured, 
thereby yielding a technique to study homodynamic changes of the brain under various 
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physical or emotional conditions. Moreover, fNIR spectroscopy can be easily monitored 
while subjects engage in an activity, such as giving a speech in front of an audience. Even 
though fNIR spectroscopy does not have as high spatial resolution or the ability to 
penetrate as deeply into the brain as PET or fMRI, it has other advantages, particularly in 
the study of anxiety disorders. As noted above, it permits the subject to be behaviorally 
active, and has a lower cost than established technologies (Izzetoglu, Bunce, Izzetoglu, 
Onaral, & Pourrezaei, 2007). Thus, the application of fNIR technology to the study of 
social anxiety disorder may provide more reliable and valid data that can help in building 
a better understanding of this common disorder, beyond what is possible with the 
applications of existing brain imaging technologies. 
 
 
 
 
 
 
 
Figure 2. (a) Portable fNIR system current generation with three primary components: 1) 
an LED-based sensor, 2) a control module with integrated power supply for sensor 
control and data acquisition, and 3) a laptop computer for the data collection and analysis
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Figure 3. Pathway of the photon from light emission back to the surface of the skull 
(reprinted from Bunce et al., 2006) 
 
 
 1.2.4.2 FNIR Spectroscopy and social anxiety:  fNIR spectroscopy has been 
studied in two recent Drexel Master theses. In Tuscan and colleagues (2013), the 
hemispheric differences in brain activation in 18 female Drexel University 
undergraduates with high and low social anxiety were investigated during resting, 
anticipatory, and active public speaking states (a 5-min public speech exposure) with 
ongoing assessment using fNIR spectroscopy. Although the study did not find a 
relationship between level of subjectively reported anxiety and brain activation, it did 
find a significant increase in BV and HbO2 in the right hemisphere, compared to the left 
hemisphere, while performing the speech task. Moreover, a consistent relationship 
between increased activity in both limbic structures and the PFC has been found in SAD 
(Guyer et al., 2008; Blair et al., 2008). However, other studies have found decreased PFC 
activity and increased subcortical activity during symptom provocation (Lorberbaum et 
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al., 2004; Tillfors et al., 2001). Phan and Klumpp (2010) explained the inconsistent 
findings of increased versus decreased PFC activation because of methodological 
differences. Thus, prefrontal asymmetry in social anxiety is of primary interest for further 
investigation.  
 Glassman (2012) also employed fNIR spectroscopy in PSA and focused 
specifically on DLPFC. She compared the efficacy of two cognitive behavioral 
treatments: traditional Beckian Cognitive Behavioral Therapy (CT; Beck, 1991 ) versus 
Acceptance and Commitment Therapy (ACT; Hayes, Strosahl, & Wilson, 1999) in 
enhancing public speaking performance and coping with anxiety. Nineteen individuals 
with PSA wore the fNIR device while performing a speech in front of a small virtual 
audience before and after receiving one of the two treatments (CT or ACT). She found 
that DLPFC activation followed a specific pattern during the pre-speech: an increase 
between the pre-speech and the 4-min speech task, and then a decrease between the 4-
min speech and the post-speech. Although she did not find a statistically significant 
difference in brain activation between left versus right hemispheres, she reported a trend 
toward increased concentration levels for BV (right DLPFC greater than left DLPFC), 
and oxygenation (left DLPFC greater than right DLPFC). Most interesting was that the 
ACT condition showed significantly greater improvements in speech performance as 
compared to those who received a CT intervention. Decreases in BV in the left DLPFC 
was observed in individuals in the ACT condition, as well.  
 Notably, both of these prior Master's theses did report the utility of the fNIR 
device to successfully capturing real-time hemodynamic changes in the prefrontal lobe as 
a function of naturalistic social behavior.  
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1.3 Current study 
 Both of these prior Drexel studies using fNIR spectroscopy in the study of social 
anxiety exhibited some limitations. The major limitations of the Tuscan study included 
insufficient participants to afford adequate statistical power, and lack of a clinical 
populations and corresponding healthy controls for comparison. The task in this study 
involved resting (alone while sitting), anticipation (preparation for the speech, alone and 
sitting), and active state (giving a speech standing in front of an audience). She also 
suggested the need of a control conditions (non-threatening context) to rule out the 
possibility of the results being an artifact of verbal production or muscle activity from 
changing position from seated to standing during the speech task. In the follow up study 
by Glassman, the task was modified to include a verbal production task both pre-speech 
and post-speech (to serve as a non-threatening control condition). However, the small 
number of participants was again a major limitation to test some hypotheses, and the lack 
of a control group prevented this study from determining any specificity of speech 
performance and brain activation relative to social anxiety.   
 By building upon the findings of this prior work and addressing their 
methodological limitations, the main objective of the current study was to investigate the 
relationship between anxiety, speech performance, and brain activation on the DLPFC as 
measured by fNIR technology, in samples with varying levels of social anxiety, during 
naturalistic public speaking exposure. In order to reach this overall objective, specific 
aims and main hypotheses of this study are as follows:  
 Specific Aim 1: To determine the effects of changes over times (speech stages - 
nonthreatening vs. anxiety provoking), as well as individual differences in anxiety levels, 
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in brain activation in the PFC in response to an ecologically valid anxiety provocation (an 
in vivo speech). 
Preliminary Hypothesis:  
 We expected that the presence of a virtual audience would provoke anxiety and 
that all subjects would experience anxiety while giving a speech. Therefore, we expected 
that all subjects’ state anxiety (SUDS score) would follow a specific pattern: an increase 
between the pre-speech (baseline) task (reciting dates) and the speech, and then a 
decrease between the speech and the post-speech task (again reciting dates).  
Primary Hypothesis 1:  
 We expected that all subjects’ BV and HbO2 would follow a specific pattern:  an 
increase from the baseline task to the speech, and then a decrease from the speech to the 
post-speech task. Conversely, Hb would follow the inverse pattern: a decrease from the 
baseline task to the speech, and then an increase from the speech to the post-speech task.  
Primary Hypothesis 2:  
 We hypothesized that there would be no group differences (High and Low Trait 
anxiety) in brain activations (BV, HbO2, Hb) in the DLPFC during a non-threatening task 
(reciting dates and months). 
Primary Hypothesis 3:  
 We hypothesized that there would be group differences in BV, HbO2, and Hb in 
the DLPFC in response to a social anxiety provoking task (public speaking task). 
 Specific Aim 2: To investigate the interaction between state anxiety, speech 
performance and brain measures of the DLPFC in participants with varying levels of 
anxiety in response to a socially anxious provocation. 
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Primary Hypothesis 4: 
 We expected to observe an interaction between state anxiety, speech performance, 
and brain measures (HbO2, Hb, and BV), as follows: 
 a.) Individuals with high speech performance and low state anxiety would show a 
different pattern in their brain measures in comparison to individuals with high speech 
performance and high state anxiety.  
 b.) Individuals with low speech performance and low state anxiety would show a 
different pattern in their brain measures in comparison to individuals with low speech 
performance and high state anxiety.  
 Specific Aim 3: To explore changes in brain measures (BV, HbO2, and Hb) in the 
DLPFC in relation to both a social provocation and to speech performance, in a clinical 
sample of patients with gSAD, relative to matched healthy controls.   
Primary Hypothesis 5: 
 a. We hypothesized that individuals meeting diagnostic criteria for gSAD would 
exhibit less brain activation in terms of HbO2 and BV in the DLPFC in comparison to the 
healthy controls during the speech task.  
 b. We hypothesized that patients with gSAD would show lower speech 
performance than healthy controls. 
1.4 Contributions 
 In this thesis, the neurophysiology of social anxiety was studied using a novel 
neuroimaging technology known as fNIR spectroscopy in sample with varying levels of 
anxiety, ranging from little anxiety to patients with clinical levels of social anxiety. State 
anxiety and brain measures of anxiety measured during realistic, in vivo speech 
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conditions were collected and compared among themselves and with each other. 
Interactions between speech performance, state anxiety, and brain measures were 
explored.  
 The contributions and novel aspects of this study can be summarized as follows: 
- This was one of the first studies that utilized fNIR spectroscopy in analog samples 
with varying levels of social anxiety, along with in a socially phobic sample, in 
order to monitor DLPFC activation during a realistic phobic social task, namely 
public speaking exposure.  
- A novel model was proposed to explain the interaction between anxiety, speech 
performance, and DLPFC activation as a response to public speaking exposure. 
- Differences in prefrontal brain activation as measured by fNIR technology were 
studied in a small clinical group with SAD and matched healthy controls while 
they underwent an in vivo socially anxious provocation (i.e., an impromptu 
speech) where less DLPFC activity in the socially phobic sample in comparison to 
the matched non-clinical subjects was found, similar to analog group findings. 
- This current study provided more reliable and valid data that can help in building 
a better understanding of this common disorder, beyond what is possible with the 
applications of existing brain imaging technologies. 
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CHAPTER 2: BRAIN ACTIVATION, ANXIETY AND STAGE DIFFERENCES 
 
 
 
 As noted previously, the present study sought to replicate and build upon prior 
fNIR device studies on social anxiety (Master’s theses by Tuscan et al., 2013, and 
Glassman, 2012) in an effort to address some of the limitations of this earlier work. 
Specifically, we sought to determine changes in state anxiety (SUDS) and measures of 
brain activity in the DLPFC (BV, HbO2, Hb) as a function of anxiety provocation, in a 
sample of adults with varying levels of anxiety.  
2.1 Methods and Materials  
2.1.1 Participants:   
 The non-clinical participants were screened using the Social Phobia and Anxiety 
Inventory (SPAI; Turner, Beidel & Dancu, 1996) in order to determine their level of 
social anxiety. This 45-item self-report questionnaire measures various symptoms of 
potentially anxiety-provoking situations. The SPAI has demonstrated good reliability and 
internal consistency (Turner et al., 1989) and better discriminate validity relative to other 
measures (Peters, 2000). It also shows good specificity, as well as concurrent validity 
with regards to other social anxiety measures in both nonclinical and clinical samples 
(Beidel, Turner, Stanley, & Dancu, 1989; Herbert et al., 1991). On the social anxiety 
subscale of the SPAI, scores of 100 or above correspond to high social anxiety and scores 
of 50.0 or lower represent low social anxiety. Therefore, subjects SPAI score had to be in 
that range to be concluded. Participants were recruited through advertisements and 
Drexel’s web-based software solutions for subject pool management (SONA) system. All 
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Drexel students had an equal opportunity to access these media. Additionally, the 
recruitment procedure and screening for both clinical and non-clinical  matched healthy 
subjects can be found in chapter 4 for more details. 
 • Inclusion criteria: Participants were required to be between 18 to 50 years old, 
right-handed, fluent in English, and reside or work in the greater Philadelphia area.  
 •Exclusion criteria: Participants who reported any of the following were excluded 
from the study: 
- History of neurological abnormalities (e.g., stroke, seizures, heart disease, migraines)  
- History of, or current, severe psychiatric illness (e.g. bipolar disorder, schizophrenia)  
- Currently unstable or serious medical illness   
- History of alcohol or drug dependence or current diagnosis of any substance 
dependence 
- Currently experiencing acute suicide potential   
- Currently taking certain medications (e.g., psychotropic medication, blood-pressure 
medications, “pain killers,” investigational medications, any medication use associated 
with central nervous system effects, e.g. neuroleptic medications, narcotic medications, 
opiates) 
- Current use of marijuana or any another illegal drug (e.g., cocaine, heroin, ecstasy) 
during the week before the first study visit   
- Mental retardation or any other pervasive developmental disorder    
- History of severe iron deficiency anemia, marked low hematocrit or hemoglobin 
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2.1.2 Measurements 
 2.1.2.1 Demographic Form and Medical History Form. This self-report scale was 
adopted from a previous study by Glassman (2012). It included questions regarding age, 
handedness, sex, marital status, ethnicity, education level, occupation, first language, 
treatment history, significant medical, neurological, and psychological events or 
disorders, and current mood and anxiety. 
 2.1.2.2 Edinburgh Handedness Inventory (EHI). The EHI was given to all 
participants to ensure right-hand dominance. This form consists of 10-items geared to 
determine an individual’s dominant hand for everyday activities. Scores range from 
negative 100 for left-handedness dominant to positive 100 for right-handedness 
dominant. The EHI has shown good test-retest reliability and is a commonly used 
measure of handedness among research studies (Ransil & Schachter, 1994).  
 2.1.2.3 Philadelphia Area Familiarity Scale. This questionnaire was also adopted 
from Glassman’s study. All participants were asked to rate their knowledge of the 
Philadelphia area on a 1-5 scale to ensure that everyone had an equal amount of baseline 
knowledge of Philadelphia area activities, which was the topic in speech exposure.  
2.1.3 Outcome Assessments based on questionnaires, behavioral tests, and self-report 
measures 
 2.1.3.1 Controlled Oral Word Association Test (COWAT). Participants were given 
the COWAT as a measure of verbal fluency abilities before the speech task to rule out 
potential differences between groups. The test has shown good validity in anxiety 
disorders (Beaudreau & O'Hara, 2009) and has high test-retest reliability (Ruff, Light, 
Parker, & Levin, 1996). 
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 2.1.3.2 Behavioral Assessment Test (BAT). This standard protocol for the BAT 
was created by the Drexel group, which involved three standardized 3-min behavioral 
tasks for the assessment of behavioral performance, including (a) a dyadic role-play 
involving a simulated interaction with a confederate, (b) a triadic role-play involving an 
interaction with two confederates, and (c) an impromptu speech. For the purpose of the 
present study, however, only the impromptu speech was utilized as a part of the protocol 
to obtain behavioral and brain measures. Instead of the standard 3-min speech, we 
adjusted it to a 4-min speech, as used in the previous study by Glassman. Prior to 
beginning the impromptu speech, participants were informed of the topic about which 
they would speak: “Things to do on the weekend in Philadelphia”. Then, participants 
were instructed to speak for the entire duration of the 4-minute period in front of a small 
virtual audience. 
 2.1.3.3 Subjective Units of Discomfort Scale (SUDS; Wolpe & Lazarus, 1966). 
The SUDS is a scale that ranges from a 0 to 100 rating that describes how participants 
feel at any given moment in time. After passing the screening process, the participants 
were taught to self-evaluate their anxiety using the SUDS, which was used as the primary 
measure of subjective anxiety. SUDS ratings were used a number of times throughout the 
procedure for participants to rate their immediate sense of subjective anxiety during the 
experimental procedures. In order to correlate the SUDS ratings with fNIR device 
measurement, the SUDS was self-rated before/after the impromptu speech and during the 
speech (at 30 seconds, 1, 1.5, 2, 2.5, 3.5, and 4 minutes). 
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2.1.4 Outcome Measures based on independent rater's evaluation and brain imaging 
measurements 
 2.1.4.1 Speech Performance Scale (SPS; Rapee and Lim, 1992). Two independent 
raters, both blind to participant group designation, scored participants’ performances 
during the speech. Each participant’s performance was rated on a 17-point scale, 
including both specific (e.g., kept eye contact with audience, had a clear voice) and 
global (e.g., kept audience interested, generally spoke well) ratings. Each item was rated 
in range from zero to four. Two raters evaluated recordings of all participants alone in 
separate rooms and times for reliability purposes. In order to ensure that the raters used 
comparable criteria in assessing participants’ performances, they were trained in which 
sample speech videos were viewed and their ratings were compared resulted in a 
reliability level of 0.80.  
 2.1.4.2 Functional Near-Infrared Spectroscopy. Participants wore the fNIR device 
headband during the overall speech protocol to measure hemodynamic changes in the 
brain while performing the task. The four light sources with three built in light emitting 
diodes (LEDs) on the fNIR device headband-like emitted light at wavelengths 730, 805 
and 850 nm (±15 nm). For each source, light was consecutively illuminated by these 
LEDs and collected by the nearest four detectors after it penetrated the underlying tissue. 
Sixteen optodes of data were then collected from the forehead in this process (see Figure 
4.). The sampling rate of the system was approximately 500 ms for one complete data 
acquisition cycle (about 2 Hz). A member of the study staff completed a safety checklist 
to minimize any risks before every fNIR device administration. In addition, the fNIR 
spectroscopy was placed on the participant's forehead, where the prefrontal cortex is 
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located. . Individuals were fitted with the fNIR device headband prior to the speech 
protocol.  
 
 
 
 
 
 
Figure 4. Top picture represents an actual portable fNIR device headband-like current 
generation using for this study, and the bottom shows a schematics of a fNIR headband-
like showing16 optodes 
 
 
2.2 Procedures 
2.2.1. Subject screening and selection  
 Participants were recruited from advertisements and Drexel’s SONA system. As 
part of the screening process, each individual had to complete the SPAI questionnaire to 
be considered for the study. Once the research coordinator scored their SPAI, eligible 
participants who scored above 100 (high anxious group), or below 50 (low anxious 
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group) on the social phobia subscale were contacted by email to explain more about the 
study, and to schedule an appointment for their study visit. 
2.2.2. Study session (as seen in Figure 5)  
Each participant went through an approximately 1.5 hour study session including the 
following procedures: 
 Consenting: Informed consent process formed a very important stage of this 
study. Prior to beginning any study procedures, informed consent process was 
established. Study staff ensured that all participants understood the study and their rights. 
Participants were told that they could discontinue the experiment at any time. They were 
also informed of any potential risks associated with study procedures. The study 
procedures started only after written informed consent approved by Drexel University 
Institutional Review Board. A copy of the consent form was provided to every participant 
on that day. 
 Initial Assessment Tasks and Preparation for the study: After consenting, a brief 
structured interviews consisting of the demographic questionnaire, the Edinburgh 
Handedness test, and the Philadelphia area familiarity scale, were conducted at the 
beginning to confirm eligibility for inclusion into the study. At this stage participants 
were also tested by the COWAT for formal fluency. Next, participants were taught to rate 
their anxiety using the SUDS scale described above. They were advised that they would 
rate their level of anxiety using the SUDS scale at various times during the study 
procedures. Participants were then explained the whole study protocol, which included 
the speech task involving an impromptu 4-min speech in front of a small audience, data 
collection with fNIR device, and the completion of various questionnaires. At this stage 
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participants were not told the topic of the speech of the day. It was given later during the 
protocol, right before the impromptu speech task started.  
 Speech Task, subjective ratings and fNIR Spectroscopy Data Collection: 
Following the preliminary assessments and explanations as given above, the fNIR sensor 
was attached to the subject’s forehead and the data collection started. The subject was 
asked to remain standing for the entire time that he or she was wearing the fNIR device. 
FNIR data were collected continuously during the entire speech task using the COBI 
studio software developed in our laboratory. Once the speech task was over, the fNIR 
device was turned off and the sensor was detached from the subjects’ forehead. The 
speech task started with a 10 sec resting baseline measurement period during which the 
subject stared at a plus sign. Next, a pre-speech baseline with non-threatening context 
was established in which the subject was asked to list random dates of the year (e.g., June 
3, October 3, February 21) for 30 sec. After another local resting baseline of 10 sec 
subjects were given the topic of their speech (things to do in Philadelphia area) and the 4 
min, anxiety provoking, impromptu speech session started. During the impromptu speech 
period, subjects provided their SUDS ratings in 30 sec intervals. After the 4 min speech, 
another local 10 sec resting baseline was collected, followed by the post-speech period 
with non-threatening context (listing random dates of the year) for 30 sec. A schematic 
drawing of the entire speech protocol is given in Figure 5. Note that during the 
impromptu speech participants were told that they were going to talk in front of a small 
audience. However, for practical purposes it was impossible to assemble a real audience 
for each participant. Hence, in reality the same pre-recorded video of a small group 
audience was used for every subject during the impromptu speech period. However, in 
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order to make it as much real and anxiety provoking as possible for the participants, this 
was not revealed to the subjects until after the end of the whole procedure. Instead, 
subjects were told that the audience was in the next room and the connection between the 
two rooms was established via webcam, and that the audience could therefore see and 
hear the speech.  
 Final Assessment Tasks and procedures: Finally, participants were paid 
individually $20 or extra-credit points for psychology classes for completing this study. 
Participants were provided a post-debriefing script, which revealed the use of the pre-
recorded video to represent the audience. 
2.2.3. Post-study analysis and procedures   
 Two independent raters, blind to participant group designation, scored 
participants’ performances during the speech protocol (as explained above). FNIR data 
were processed and used in statistical analyses, as elaborated below. Confidentiality of 
study data was also important. Data were stored in password-protected computer within a 
locked research office. Files were saved without identifying information; only participant 
numbers were used to identify participant data. Data were double-coded for 
confidentiality, and stored separately from the consent forms. Only the project 
coordinator had access to the key that links ID numbers and identifying information. 
Consistent with Drexel University’s IRB guidelines, study data and informed consent 
forms will be stored for at least three years following completion of the study.
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Figure 5. Schematic diagram of the speech protocol 
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2.3 Data Analysis 
2.3.1 Analysis of fNIR data 
 As participants stood the whole time during the speech protocol, the fNIR data 
might become corrupted by motion artifacts, and was processed using a combined 
ICA/PCA algorithm. This algorithm has been shown to remove motion interference from 
the fNIR data in a previous study conducted in the operating room (see Izzetoglu et al., 
2008, for further discussion). Relative concentration changes for HbO2 and Hb according 
to the local resting baselines were obtained for approximately every 0.5 seconds from the 
artifact removed intensity measurements using modified Beer-Lambert law (Cope & 
Delpy, 1988). Trends in the data were analyzed to examine patterns of HbO2, Hb, and 
total hemoglobin (BV=HbO2+Hb) across time (pre-speech, speech and post-speech), 
hemispheres (left and right) and subject groups (high and low socially anxious). All 
signal processing was performed using MATLAB (R2011b, MathWorks, Natwick, MA).  
 For each participant, channels were grouped and averaged corresponding to left 
(i.e., channels 3, 4, 5, 6) and right (i.e., channels 11, 12, 13, 14) hemisphere 
measurements on middle DLPFC. These channels were chosen given their efficacy in 
two prior fNIR studies on social anxiety (Tuscan et al., 2013, and Glassman, 2012) and 
because they fall in the brain region of interest (ROIs) on medial prefrontal regions 
appropriate for hemispheric difference comparisons (Freitas-Ferrari et al., 2010).  Other 
left and right channels were excluded from data analyses to avoid implicating regions of 
the brain outside the area of interest.  
  From the full time-course of fNIR spectroscopy measurements, activation in the 
DLPFC in terms of HbO2, Hb and BV at different assessment times was calculated by 
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averaging the fNIR device recordings separately during each of the three stages (pre-
speech, speech, and post-speech task blocks). In order to reduce the dimensionality for 
hemispheric comparisons, the four channel measures on the left and the right were further 
averaged, separately. Statistical comparisons of the average values for each fNIR device 
measure (HbO2, Hb and BV) were made for hemispheres (left and right), times (pre-
speech, speech and post-speech) and subject groups to test various hypotheses of this 
study. 
2.3.2. Statistical analyses 
 In order to test our preliminary hypotheses, speech anxiety was calculated in 
terms of SUDS ratings. For the pre- and post-speech blocks the single SUDS rating 
collected for the corresponding stage was used. For the impromptu speech stage, the 
mean of momentary SUDS ratings taken at 30-second intervals was used. In some 
statistical analysis (where indicated in this chapter), subjects were also grouped as high 
and low trait anxiety based on their SPAI ratings. 
 A repeated measures ANOVA was conducted to test whether a pre-recorded 
video could provoke subjects’ anxiety during the speech task in comparison to pre- and 
post- speech baseline. Separate 2 (hemisphere; left and right) x 3 (times; pre-speech, 
speech, post-speech) mixed model ANOVAs were conducted for each outcome variable 
to test the primary hypothesis 1 that there would be increased activation in the DLPFC 
during the speech task compared to the non-anxiety provoking verbal tasks conducted 
before and after the speech, and to determine whether changes in activation differed by 
hemisphere. Mauchly’s test for sphericity indicated a violation of that assumption across 
analyses for all outcomes, so a Greenhouse-Geisser correction was used. To test primary 
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hypothesis 2, independent samples t-tests were conducted to compare individuals with 
high and low trait anxiety on their level of DLPFC activations during the pre-and post-
speech tasks. Finally, independent samples t-tests were conducted to test primary 
hypotheses 3 comparing individuals with high and low trait anxiety on their DLPFC 
activation during the speech task. 
2.4 Results 
2.4.1 Participants:  
 Forty-seven participants were recruited for the study. For ten individuals, the 
fNIR device failed to produce accurate data due to technical problems (i.e. the fNIR 
device stopped working and closed itself down during the experiment); therefore, their 
data could not be included. For the remaining 37 participants, all study measures were 
completed satisfactorily. Individuals with complete and incomplete fNIR data were 
compared on all demographic and clinical characteristics, and no significant differences 
were found. The remaining sample consisted of 37 participants with a mean age of 21.3 
(SD = 5.1) and was 59.5% female (n = 22). The thirty-seven subjects were composed of 
21 high trait anxiety and 16 low trait anxiety, which included two clinical and their 
matched non-clinical control subjects. All participants were part or full-time students, and 
the majority attended school full-time (97.3%, n = 36) and were not otherwise employed 
(89.2%, n = 33). The majority of the sample (59.5%, n = 22) self-identified as Caucasian 
(24.3% Asian American, 8.1% Asian Pacific, 5.4% African American, and 2.7% 
Hispanic). All participants were right-handed and none reported taking any current 
medications. The mean of social anxiety subscale score of the SPAI on both the high and 
low trait anxiety groups were 118.82 (SD=16.80) and 40.92 (SD=8.08), respectively. The 
34 
 
mean of COWAT (letter category)on both high and low trait anxiety groups were 38.38 
(SD=11.83) and 39.26 (SD=7.64), respectively. While, the mean of COWAT (animal 
category) was 21.52 (SD=5.96) in the high trait anxiety group, and 23.75 (SD=4.54) in 
the low trait anxiety group. The mean of Philadelphia knowledge backgrounds was 4.81 
(SD=1.57) in the high trait anxiety group, and 5.50 (SD=1.10) in the low trait anxiety 
group. There were no group differences (high and low trait anxiety) on any demographic 
characteristics, COWAT and Philadelphia knowledge background. Performance does 
differ significantly between high/low trait anxiety groups: high anxiety M = 39.09, SD = 
3.87, and low anxiety M = 35.18, SD = 4.83, t(35)=2.61, p = .01.  
2.4.2 Preliminary Hypothesis  
 The hypothesis that participants’ SUDS would change over time (stages) was 
tested using a repeated measures ANOVA, which showed a significant change over time 
(F(1.69, 74.17) = 63.34, partial 2 = .59, p < .001) in which SUDS during the speech was 
significantly higher than pre- or post-speech SUDS levels (p < .001). Independent 
samples t-test revealed that average SUDS during the pre-speech differed significantly 
between individuals with high (M = 15.05, SD = 10.67) and low trait anxiety (M = 4.19, 
SD = 6.43, t(33.48) = 3.84, p < .001). Also, average SUDS during the speech differed 
significantly between individuals with high (M = 39.42, SD = 22.39) and low trait anxiety 
(M = 17.56, SD = 12.12, t(44.39) = 4.33, p < .001).  
2.4.3 Primary Hypothesis 1  
 The hypothesis that subjects’ DLPFC activation across both hemispheres would 
increase during the speech from levels measured during the pre-speech verbal task, then 
decrease during the post-speech verbal task was tested using 2 x 3 mixed model 
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ANOVAs. Mauchly’s test for sphericity indicated a violation of that assumption across 
analyses for all three outcomes, so a Greenhouse-Geisser correction was used. Blood 
volume and oxygenated hemoglobin showed significant change over time (BV: F(1.37, 
98.50) = 73.63, partial 2 = .51; HbO2: F(1.45, 104.16) = 124.82, partial 
2
 = .63; p < 
.001 for both outcomes) in the expected pattern (See Table 2, Figure 6). For both 
outcomes, post-hoc tests confirmed that levels during the speech were significantly 
higher than both pre- and post-speech levels (all p < .001). Deoxygenated hemoglobin 
also changed significantly over time (F(1.35, 96.95) = 4.78, partial 2 = .06), however 
unlike the other outcomes, Hb continued to increase during the post-speech task. Post-hoc 
tests indicated that the level of Hb during the speech was neither significantly higher than 
during the pre-speech task (p = .22), nor significantly lower than during the post-speech 
task (p = .14), however the level of Hb during the post-task was significantly greater than 
during the pre-task (p < .001). No significant interaction effects or main effects for 
hemisphere were found for any outcome measure ( all p > .70, partial 2 ≤ .001). 
2.4.4 Primary Hypothesis 2  
 Independent samples t-test were conducted to compare individuals with high and 
low trait anxiety on level of DLPFC activation during the pre-speech task. Consistent 
with our hypothesis, no significant difference in pre-speech activation was found for any 
outcome measure (all p > .39).  
2.4.5 Primary Hypothesis 3 
 Independent samples t-tests were conducted to compare individuals with high and 
low trait anxiety on level of DLPFC activation during the speech task. Contrary to our 
hypotheses, no significant difference in activation during the speech between high and 
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low anxiety groups was found for any DLPFC outcome measure (See Figure 7; all p > 
.11).  
2.5 Discussion 
 These findings support the use of non-invasive fNIR brain imaging technology to 
examine some of the neurophysiology of individuals with varying levels of social 
anxiety. As predicted, the concentration of HbO2 and BV increased in response to 
functional stimulation and anxiety provocation. In this study, increases in brain measures 
of Hb and HbO2 and hence in BV were observed as a response to anxiety provocation 
during the speech exposure. Typically, the fNIR parameters respond to functional 
stimulation with an increase in concentration of HbO2, and a decrease in the 
concentration of Hb. However, our Hb concentration changes did not follow this pattern 
so (See Figure 6); one of several explanations can be through the coupling of cerebral 
blood volume and oxygen consumption during physiological activation. When there is 
brain activity, neurons will need energy to fire and glucose will be metabolized by 
oxygen to produce energy. Oxygen bound to hemoglobin (HbO2) supplies the needed 
oxygen in the brain and body. When there is activity, there is need for oxygen and hence 
HbO2 is increased. However, when oxygen is consumed to produce energy, HbO2 turns 
into Hb. Therefore, both HbO2 and Hb levels may rise locally when there is increased 
activity, and this can increase blood volume. Villringer and Dirnagl (1995) proposed that 
if cerebral blood flow doubles by increasing blood volume which is referring to an 
increase in the capillary volume know as the “anatomical capillary recruitment”, and if 
the rate of O2 consumption unchanged so, the total blood volume may cancel out and Hb 
remains unchanged.   
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 Several prior studies in the literature have in fact reported increases in Hb levels 
in the regions where there is more activity. For instance, Murata and colleagues (2002) 
compared the blood oxygenation level dependent (BOLD)-fMRI and NIR technology to 
monitor brain activity in the motor cortex. They reported an increase in Hb significantly 
from baseline, while HbO2 and BV also increased, indicating that the presence of rCBF 
increases in response to brain activation. In stroke patients with aphasia, similar increases 
in Hb have been observed in the left prefrontal cortex during language tasks (Sakatani et 
al., 1998).  Another related study by Schurr and colleagues (1999) revealed that when 
oxygen was supplied through an increase of rCBF in response to neuronal activation, the 
lactate might have been oxidized, resulting in an increase of Hb. Therefore, it was not 
surprising to see that an increase of Hb in parallel to HbO2 which results in an increase of 
BV as a response to brain activation. While an overall increase in prefrontal activation 
was observed in this sample during the speech task, the level of activation in relation to 
speech performance and speech anxiety will be discussed in the following section. 
 Regarding group differences, at the pre-speech which was not supposed to 
provoke high anxiety, the level of anxiety as assessed by DLPFC activity did not differ 
across groups (high and low trait anxiety). At the speech task which difficulty of a task 
increases, we expected to see a group differences on DLPFC activity; however, there 
were no significant differences in DLPFC activation during the speech task. Based on our 
prior study, we believed that it was more fruitful to integrate speech performance, and 
anxiety into account with DLPFC activation changes. Since, it is very possible that the 
underlying mechanisms in the brain functioning during anxiety provoking conditions are 
different for individuals with varying levels of performance and anxiety. In the next 
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chapter, we propose and explain a novel way to analyze the DLPFC activation data in 
relation to both speech performance and state anxiety. This analysis may elucidate 
complex relationships between these factors. It is also important to know how an 
individual responds to socially anxious situations, and at the same time to understand 
how they learn when facing stressful or difficult situations, rather than solely focusing on 
which hemisphere is dominant among a given group. We discuss these factors in detail in 
the next chapter. 
 In summary, our results were largely in line with those of Glassman (2012), 
indicating that the pre-recorded video of a small audience was able to provoke 
individuals’ anxiety levels as measured by SUDS. Our findings further indicated that as 
subjects’ state anxiety increased from the pre-speech to the speech task and decreased 
during the post-speech, the fNIR device was able to capture these changes in DLPFC 
brain activation during all three different times, with higher DLPFC activation from the 
pre-speech to the speech, and lower DLPFC activation from the speech to post-speech. 
This indicates that state anxiety was accompanied with increases DLPFC activation. 
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Table 1. Descriptive Statistics on SUDS scales changes over times across groups and 
population 
 
 
 
Times Group Mean SD 
Pre-speech 
HA 15.05 10.66 
LA 4.19 6.43 
Total 10.35 10.49 
Speech 
HA 44.07 18.62 
LA 18.16 12.45 
Total 32.87 20.65 
Post-speech 
HA 14.52 11.30 
LA 7.56 9.66 
Total 11.51 11.05 
 
Note: HA = High trait anxiety; LA = Low trait anxiety 
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Table 2. Descriptive Statistics on brain measures over times across populations 
 
 
HbO2 (M) Mean SD 
Pre-speech .568 .84 
Speech 2.788 1.78 
Post-speech -.183 1.22 
BV (mL/100mL)   
Pre-speech .344 .97 
Speech 2.607 2.23 
Post-speech -.166 1.63 
Hb (M)   
Pre-speech -.223 .55 
Speech -.201 .978 
Post-speech -.001 .76 
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Assessment phase 
 
Figure 6. Changes (i.e., relative to each local baseline) in DLPFC activation measured by 
blood volume, oxygenated and deoxygenated hemoglobin during the pre-speech task, 
speech, and post-speech task for all participants irrespective of levels of speech 
performance and anxiety 
 
 
 
 
 
 
 
  
42 
 
 
 
 
Assessment phase 
 
Figure 7. Changes (relative to each local baseline) in DLPFC activation measured by 
blood volume during the pre-speech task, speech, and post-speech task in high and low 
trait anxiety groups. The pattern of change was similar when activation was measured 
using oxygenated hemoglobin. Abbreviation : HA = High trait anxiety, LA = Low trait 
anxiety 
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CHAPTER 3: INTERACTION WITH ANXIETY, SPEECH PERFORMANCE, 
AND DLPFC ACTIVATION 
 
 
 
 In this chapter, we applied a hierarchical multiple regression analyses to the data 
set (which was described in Chapter 2) in order to test hypothesis 3 regarding whether 
changes in DLPFC activation, measured in terms of blood volume, oxygenated, and 
deoxygenated hemoglobin during the speech task, were related to anxiety and 
performance. All three measurements of DLPFC activation are reported. However, the 
discussion focuses mostly on BV, since changes in BV are commonly considered the best 
overall index of brain activation among the fNIR device parameters (See Obrig & 
Villringer, 2003 for more details). The focus on BV as the principal fNIRS parameter of 
interest is also reflect in our research group’s prior work on mental workload and pain 
assessment (Ayaz et al., 2012; Zeinab et al., 2013). Our group has also reported main 
findings on BV in the study on social anxiety and public speaking anxiety (see Tuscan et 
al., 2013, and Glassman, 2012). 
3.1 Statistical analyses 
 Hierarchical multiple regression analyses were used to test the main hypotheses 
regarding whether anxiety and performance would be significantly related to changes in 
DLPFC activation, measured using BV, HbO2 and Hb during the speech task. All 
variables included in computing interactions were centered (normalized to their mean). 
Level of activation on each outcome during the pre-speech verbal task was included as a 
covariate in the first block of each analysis. Speech performance, speech anxiety, and 
hemisphere were entered as predictors in the second block, followed by all two-way 
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interactions in the third block (performance x anxiety, performance x hemisphere, anxiety 
x hemisphere), and the three-way interaction term in the final block. All variables within 
each block were entered simultaneously, and were not interpreted unless the block itself 
was significant (Cohen & Cohen, 1983). All regression assumptions of linearity, 
normality, and homoscedasticity of residuals, and multicollinearity were met for all 
analyses. Outliers were identified using studentized residuals, leverage and Cook’s 
distances. In analyses predicting HbO2, two scores representing the left and right 
hemisphere scores for the same individual were identified as significant outliers, with 
Cook’s distances exceeding the standard cutoff value of one, and were removed from 
those analyses. The pattern of results was similar when all cases were included in these 
analyses. No other significant outliers were identified once these scores were removed, 
nor in regressions run for the remaining outcome variables.  
3.2 Results and discussion 
 Table 3 presents a summary of intercorrelations. One participant did not have 
performance scores and was therefore excluded from these analyses. Table 4 presents the 
resulting regression coefficients for the multivariable linear models estimating the 
relationship between the predictors and measurements of DLPFC activation. For two of 
the three outcome measures, the interaction between speech anxiety and performance was 
the strongest predictor of DLPFC activation (See Table 4). The strength and direction of 
the relationship between anxiety and both blood volume and deoxygenated hemoglobin 
varied significantly as a factor of performance, such that the slope of the relationship 
became more strongly negative as performance increased from the mean (as in Figure 9). 
Oxygenated hemoglobin was significantly predicted by the second block containing the 
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individual predictors; however, no individual coefficients significantly predicted this 
outcome measure, indicating that a portion of the variance in HbO2 accounted for by 
these predictors together is shared between the predictors. Hemisphere was not found to 
be a significant predictor, either alone or in its interaction with other variables, of any 
measure of DLPFC during the speech task.  
3.2.1 The relationship between anxiety, speech performance, and brain activation 
 The regression coefficients from the multivariable regression analysis describe a 
relationship estimating blood volume as a function of the estimators. Varying anxiety, 
described by the centered SUDS score, and holding all other predictors and their 
interactions constant, generates a linear model describing the relationship between blood 
volume and anxiety. Figure 8 illustrates the relationship between the model-estimated 
value of blood volume during the speech task on the right DLPFC, and SUDS score, 
when speech performance was held constant at its mean value. What this model shows is 
that, as state anxiety increases, right DLPFC activation, as measured by blood volume, 
decreases.  
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Figure 8. Relations among speech anxiety (i.e. SUDS rating during the speech task), 
average speech performance, right hemisphere, and blood volume, controlling for pre-
speech blood volume. Result is only presented for the right hemisphere for ease of 
interpretation; however, the pattern of results was similar in the left hemisphere 
 
 
 However, the interaction analysis showed that performance was important. An 
interesting trend developed when performance was considered, as shown in figure 9. The 
two additional regression lines represent the model-estimated relationship between blood 
volume and SUDS when performance is held constant at values greater than and less than 
its mean value. Specifically, the black dotted line represents poor performance (1 SD 
below the mean), and the pink dashed line represents good performance (1 SD above the 
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mean). If performance is held constant at a high value, the model estimates blood volume 
to decrease sharply with increases in state anxiety. However, if performance is held 
constant at a low value, the model estimates blood volume to remain relatively constant 
with changes in state anxiety.  
3.2.2 Considering Causes of Model Estimates 
Four theoretical groups were considered: those with good performance and low 
anxiety, those with good performance and high anxiety, those with poor performance and 
low anxiety, and those with poor performance and high anxiety. The following discussion 
considers these theoretical groups and provides potential explanations for the model-
predicted trends. 
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Figure 9. Relations among speech anxiety (i.e., SUDS ratings during the speech task), 
speech performance, and blood volume, controlling for pre-speech blood volume. The 
relationship between anxiety and DLPFC activation was significantly moderated by 
performance (p = .007). Results are only presented for the right hemisphere for ease of 
interpretation; however, the pattern of results was similar in the left hemisphere.   
 
 
 
Good Performance and Low Anxiety 
 
The “good performance and low anxiety” group is characterized by relatively 
high blood volume. Two possible explanations were considered as to why a good 
performer with low anxiety would show an increase in BV with a decrease in anxiety. 
The first possible explanation is related to “high effort” thinking. Our findings suggested 
that “effort” is an important factor in enhancing speech performance. When successful 
outcome is important and the task is challenging enough, high self-motivation can 
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contribute to a high effort and hence to better performance. This high effort thinking may 
reflect in increased blood volume in the DLPFC.  
Another possible explanation for increased blood volume in this group is related 
to emotional generation and inhibitory control. A useful conceptualization of emotional 
generation describes emotions as generated primarily from ‘bottom up’ or ‘top down’ 
mechanisms. Bottom-up emotion generation is elicited mostly by perceptions without 
conscious awareness (McRae et al., 2012). For example, if someone sees a snake moving 
rapidly toward him/her, fear may be an automatic reaction. Bottom-up emotional 
generation is believed to be mediated in part by the amygdala, which is involved in the 
learning and processing of emotional information (Phelps & LeDoux, 2005; Zald, 2003). 
Top-down emotional generation, however, is believed to be mediated by areas of the 
prefrontal cortex (Davidson, Putnam, Larson, 2000) and is elicited mostly by cognition. 
Top-down emotional generation does not depend on any particular awareness or 
perception of any particular stimulus (McRae et al., 2012).  
Top-down mechanisms may exert control over negative emotions, a process 
known as “top-down inhibitory control”. Several studies in the literature showed that the 
decrease in amygdala activation corresponds to increased prefrontal activation in areas 
such as DLPFC (Levesque et al., 2003; Ochsner et al., 2002). Ochsner and Phan also 
suggest that the DLPFC was active when individuals reevaluated negative views, so their 
negative feelings would also decrease. However, the insula, amygdala, and medial 
orbitofrontal cortex (i.e., regions associated with emotional feeling) were active when 
individuals had negative views. Because the fNIR device cannot penetrate deep enough 
to observe the amygdala, it is uncertain if the amygdala was less active. However, the 
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model estimates from the study results indicate a theoretical group with good 
performance and low anxiety. Therefore, we assume that the top-down inhibitory control 
may reflect high efficiency in this group. This group may think less negatively, exhibit 
less fear and anxiety, and they may have high motivation and effort. Taking into account 
the previous studies described above, we believe that “top-down emotional inhibitory 
control” may play a crucial role in enhancing performance and controlling negative 
emotions (e.g., fear, anxiety). Mathews (2004) noted that if the top-down control is 
efficient enough, then task performance carries on without disruption.  
Good Performance and High Anxiety 
 Secondly, in the theoretical group with high speech performance and high 
anxiety, the model estimated lower DLPFC activation in comparison to the previous 
group (high speech performance and low anxiety). Lower DLPFC activation may imply 
that this group used either “autopilot” thinking (Ayaz et al., 2012) or otherwise expended 
less effort on the task. How “autopilot thinking” can cause inferior frontal activation, 
however, remains unclear. Literature exists regarding the effect of practice and expertise 
on task performance. Level of skill from practicing also plays an important role 
influencing the hemodynamic response. An “advanced” practice level group can typically 
have decreased activation across attentional and control areas (Ayaz et al., 2012) because 
they know the task very well and are highly familiar with what they are doing. Thus, they 
can complete the difficult task as if on “autopilot,” resulting in lower brain activation in 
the PFC areas with less effort but still with good performance. In addition, evidence 
suggests that, overall, beginners show higher brain activity than experts, particularly in 
prefrontal areas (Milton et al., 2004). Ayaz et al. studied practice effects in terms of 
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behavioral and brain measures in landing scenarios while inexperienced participants were 
piloting a virtual unmanned aerial vehicle (UAV) in a flight simulator. Blood volume 
(total Hb) was measured using fNIR technology at the beginning of the task and each 
time subjects practiced the same task for 8 days. When comparing practice levels 
(beginner through advanced), the beginners showed higher total Hb in the PFC areas in 
comparison to the advanced participants. Also, results showed that the beginners showed 
more effort, mental demand, and frustration to complete the task successfully.  
 However, the results do not mean that this theoretical group is better in terms of 
actual behavioral performance. Rather, they suggest that these individuals may have 
especially strong public speaking skills, due to repeated rehearsal and practice. To cope 
with the effects of high anxiety, a person in this group might switch his/her attention 
away from the task by letting the autopilot thinking control the speech task. Hence, they 
could complete the difficult task using autopilot thinking, resulting in lower brain 
activation in PFC areas, reflecting less effortful thinking (Milton et al., 2004). 
 Another possibility is that individuals in this group have poor top-down inhibitory 
control, resulting in high anxiety, despite good behavioral performance. In this case, the 
lower fNIR data readings may reflect poorer cognitive inhibitory control. Nevertheless, 
as described above, performance remains relatively unaffected due to having highly 
developed skills, presumably through repeated practice. 
Poor Performance and Low Anxiety 
Considering the small difference between low and high anxiety in the poor 
performance group, reduced prefrontal activation may reflect “effortless thinking”. An 
intensive study shows that dysfunction of inhibitory control mechanisms in the PFC can 
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be seen in social anxiety disorder and depression (Yamasue et al., 2004), which may 
correspond to decreased PFC activation. Also, as mentioned previously, dysfunction in 
the DLPFC can lead to poor motivation, hopelessness, and hence, poor performance. 
However, model estimates indicate that having low or no anxiety still interrupts the 
outcome. A possible explanation of less prefrontal activation may reflect less effortful 
thinking. Less anxiety could lead to less motivation, carelessness about the task, and 
hence poor performance.  
Poor Performance and High Anxiety 
The last theoretical group (poor performance and high anxiety) would include the 
worst impairment, simultaneously experiencing poor performance and high anxiety. Poor 
performance may reflect highly self-focused attention or subjects may “give up” trying 
during the speech task. Self-focused attention has been described as “an awareness of 
self-referent, internally generated information” (Ingram, 1990, p. 156). In terms of 
awareness, it can be composed of non-mental states (i.e., bodily or physical states), as 
well as mental states (i.e., emotions, beliefs, attitudes, and memories) (Spurr & Stopa, 
2002). Evidence exists showing that heightened self-focused attention has an adverse 
effect on social performance (Woody & Rodriguez, 2000). Clark and Wells (1995) also 
suggest that social phobic individuals are excessively self-focused during social anxiety 
provoking situations, which hinder them from attending to external information, thus 
preventing the opportunity for disproving negative expectations. Additionally, by the 
nature of social anxiety itself, such as having a self-negative or biased self-perception, 
highly socially anxious individuals might not try hard or put some effort to complete the 
task since they may already create negative pictures of the self from the perspective of 
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the audience. At the same time, they may believe that the audience had a high expectation 
of their performance, creating negative social experiences, and/or distorted self-
perception. Thus, the self-focus and effortless thinking may result in reduced DLPFC 
activity and poor speech performance. 
3.3.3 Summary 
As discussed in Chapters 1 and 2, the DLPFC is believed to play a crucial role in 
attention, working memory, decision-making, and other executive functions. The present 
results suggest that poor speech performance individuals may be experiencing inefficient 
top-down emotional control, low motivation, or both. These factors may need to be 
addressed in order to undertake anxiety-provoking tasks with good performance. Also, 
the results may imply that poor performance can occur due to excessive anxiety or 
apprehension, heightened self-focused attention, or a dysfunction of the PFC, or perhaps 
some combination of these factors.  In contrast, good behavioral performance may reflect 
efficient emotional inhibitory control and/or high motivation and effort for those with low 
anxiety, or “autopilot thinking” in the context of a highly rehearsed behavioral skill for 
those with high anxiety. 
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Table 3. Means, Standard Deviations, and Intercorrelations 
 
Variable N M SD 1 2 3 4 5 6 7 8 9 10 11 12 
1. SPAI (Trait Anxiety) 37 84.9 41.3             
2. SUDS (Speech Anxiety) 37 32.9 20.7 .70***            
3. Speech Performance 35 37.0 4.8 -.40* -.31           
4. Blood Volume 74 2.6 2.3 -.11 .04 .07          
     5. BV Left DLPFC 37 2.7 2.3 -.10 .10 .12 -         
     6. BV Right DLPFC 37 2.6 2.3 -.13 -.01 .03 - .69***        
7. Oxygenated Hemoglobin 74 2.8 1.9 -.16 .09 .10 .89*** - -       
     8. HbO2 Left DLPFC 37 2.8 1.9 -.10 .16 .09 - .91*** .62*** -      
     9.HbO2 Right DLPFC 37 2.7 1.8 -.23 .01 .10 - .74*** .88*** - .81***     
10. Deoxygenated Hemoglobin 74 -.2 1.0 .03 -.07 -.003 .59*** - - .17 - -    
     11. Hb Left DLPFC 37 -.1 0.9 -.04 -.11 .09 - .56*** .39* - .16 .13 -   
     12. Hb Right DLPFC 37 -.2 1.1 .09 -.03 -.09 - .20 .63*** - -.06 .18 - .59***  
 
     Abbreviations. * p < .05  ** p < .01  *** p < .001 
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Table 4. Relations among Speech Anxiety, Performance, Hemisphere, and Measures of DLPFC Activation 
 Blood Volume  Oxygenated Hemoglobin Deoxygenated Hemoglobin   
 
 b(SE)  b(SE)  b(SE)   
Block 1  R
2
 = .09, p = .01** R
2
 = .05, p = .08 R
2
 = .11, p = .006**  
Pre-speech value  
  
.34** .58 (.19)** .22 .33 (.18) .35** .61 (.20)**   
Block 2  R
2
 = .02, p = .69 R
2
 = .17, p = .01** R
2
 = .001, p = .99  
Speech Anxiety 
 
-.24 -.03 (.02) -.23 -.02 (.01) -.12 -.007 (.01)   
Speech Performance 
 
.10 .04 (.07) .29 .10 (.06) .09 .02 (.04)   
Hemisphere .005 .02 (.47) .01 .07(.20) -.02 -.04 (.24)   
Block 3  R
2
 = .15, p = .01** R
2
 = .01, p = .79 R
2
 = .16, p = .01**  
Anxiety x Performance 
 
-.46** -.008 (.003)** .08 .001 (.003) -.43** -.004 (.001)**   
Anxiety x Hemisphere 
 
-.03 -.004 (.03) -.06 -.01 (.02) .02 .002 (.01)   
Performance x Hemisphere 
 
-.09 -.06 (.10) -.02 -.02 (.08) -.14 -.04 (.05)   
Block 4  R
2
 = .002, p = .65 R
2
 = .001, p = .81 R
2
 = .001, p = .82  
Anxiety x Performance x 
Hemisphere 
.08 .002 (.004) .04 .001 (.004) .04 .001 (.002)   
 
Note. Hemisphere was dummy coded such that significant values reflect a change in score in moving from left (0) to right (1) hemisphere. 
Abbreviations. * p < .05  ** p < .01  *** p < .001.  
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CHAPTER 4: A CASE STUDY IN CLINICAL SAMPLE WITH SOCIAL PHOBIA 
 
 
 
 This pilot study is one of the first studies using the fNIR technology in clinical 
populations with social anxiety disorder to record hemodynamic changes (BV, HbO2, 
Hb) in the DLPFC while subjects were engaging in an anxiety-provoking situation (i.e., 
public speaking exposure). Preliminary findings of this study may suggest some degree 
of impairment in the DLPFC in socially phobic individuals. 
4.1 Methods and materials 
 The aim of the present study was to verify our proposed model estimated 
hemodynamic changes in clinical subjects in comparison to non-clinical matched controls 
during an anxiety-provoking in vivo speech exposure.  
4.1.1 Measurements 
 Mini-International Neuropsychiatric Interview (MINI; Sheehan & Lecrubier, 
1998). The MINI can be used to diagnose psychiatric disorders according to DSM-IV or 
ICD-10 (International Statistical Classification of Diseases and Related Health 
Problems). It was used to screen the matched non-clinical subjects. The non-clinical 
subjects had not been diagnosed with SAD or any anxiety disorders, which was 
confirmed by a brief structured diagnostic interview using the MINI. 
 Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV; 
American Psychiatric Association, 2000). Participants from the clinical group were 
diagnosed with generalized social anxiety disorder according to the criteria outlined in 
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the DSM-IV-TR, which distinguishes between two subtypes of social phobia: generalized 
and non-generalized (i.e., specific). The clinical group was being recruited from among 
those who were already being entered into a randomized controlled trial of behavioral 
treatments through Drexel’s Department of Psychology (James Herbert is Principal 
Investigator of that study, which was approved by the Institutional Review Board of 
Drexel University). 
 Other measurements. SPAI, Edinburgh Handedness Inventory, Subjective Units 
of Discomfort Scale, functional near-infrared spectroscopy, and the Speech Performance 
Scale were performed in the same manner as described in Chapter 2. 
4.1.2 Participants 
 A total of three clinical subjects meeting diagnostic criteria for the generalized 
subtype social phobia, and three healthy, gender- and age-matched controls, completed 
the study. The mean of social anxiety subscale score of the screening SPAI was 44.36 
(SD=16.34) in the matched non-clinical group, and 125.08 (SD=4.97) in the clinical 
group. 
 Participants ranged in age from 27 to 37 years; the mean age of clinical group was 
28.3 years old (SD=7.5), and the mean age of healthy controls was 25.7 years old 
(SD=4.0). Clinical subjects were composed of two males and one female, and three 
healthy controls were matched by gender and age. According to self-report, the two male 
clinical subjects and their matched non-clinical controls were classified as 
White/American. One female clinical subject was classified as Asian/Pacific Islander and 
her matched control was classified as American/White. Participants reported no history of 
significant medical or neurological disorders, substance abuse disorders, or severe 
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psychiatric illness. No participants reported current use of psychoactive medication. They 
were all right-handed per the Edinburgh Handedness Inventory, fluent in English, and 
resided in the greater Philadelphia area.  
4.1.3 Procedures 
 The same protocol and procedures described in Chapter 2 was used in the pilot 
study. 
4.2 Statistical data analysis  
 Through two years of recruitment period for this pilot study, only three clinical 
subjects were recruited. Including the three matched healthy controls, the small sample 
size precluded formal statistical analyses. Even though statistical significance cannot be 
tested, the findings may still serve a pilot function to guide future investigation and 
provide indications in terms of the validity and feasibility of the use of fNIR technology 
in clinical populations with social anxiety disorder. Therefore, our results and 
conclusions focus more on descriptive analysis on subjective anxiety (SUDS score) 
separated by group, gender and time (speech stage) differences, performance score, and 
brain measures (BV, HbO2, Hb), rather than relying on tests of statistical significance.    
4.3 Results 
4.3.1 State-anxiety self-report 
  In terms of time differences, our results indicated a similar trend on SUDS 
ratings as did the non-clinical analog group reported in Chapter 2, with all subjects 
reporting more anxiety (i.e., higher SUDS) during the speech task than both pre-and-post 
speech baselines, with increases from the pre-speech to the speech, and decreases from 
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the speech to post-speech. In addition, the clinical group experienced more self-reported 
anxiety than did the matched non-clinical subjects across all stages. Moreover, the one 
clinical female subject reported the highest SUDS scores during the speech task 
compared to the clinical male subjects (See Table 5, Figure 10). Likewise, the non-
clinical female subject reported higher SUDS scores than the non-clinical male subjects, 
but lower SUDS scores than the two clinical male subjects. Based on table 3 in chapter 3, 
SUDS scores higher the mean score was considered as the high speech anxiety so, the 
clinical group could be classified as the high anxiety in this sample while the control 
could be classified as the low anxiety in this samples. 
4.3.2 Speech Performance 
 Although the public speaking task triggered increases in anxiety, it did not appear 
to promote significant avoidance behaviors among the clinical subjects. For example, 
long pauses were not observed during the speech task. Surprisingly, the performance of 
the clinical group (M=37.67, SD=4.25) was not substantially different from the healthy 
matched controls (M=39.33, SD=1.89). Based on table 3 in chapter 3, both group showed 
an average performance and of course, these preliminary findings should be interpreted 
with caution, due to the very low number of participants.  
 In terms of performance deficits, it was clear that excessive anxiety was present 
among the clinical group; however, it did not result in impaired performance. In a recent 
systematic review of performance deficits in socially phobic individuals in comparison to 
normal individuals by Stravynski and colleagues (2010), the main findings can be 
summarized as follows: a) there is not enough evidence to answer whether the social 
phobic subjects’ performance are different from those of normal subjects; b) to date 
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“performance” on the global level has been found inconsistent; c) at the level of specific 
skills there are no consistent findings in terms of specific behavioral differences (p.167).  
Accordingly, findings will remain elusive as long as the definition of “social skill” 
remains unclear.    
4.3.3 DLPFC activity and social anxiety responses in social anxiety disorder 
 Brain measures obtained during three speech stages (pre-speech, speech, and post-
speech) were compared to each other. We hypothesized that the BV and HbO2 
concentration changes would show a similar pattern with SUDS. The expected trend 
would include an increase from the pre-speech to the speech, followed by a decrease 
when going back to the post-speech. As expected, descriptive statistics revealed an 
increase in BV and HbO2 from the pre-speech to the speech and then a decrease from the 
speech to the post-speech (Table 6, Figure 11). In line with prior results, Hb remained 
nearly unchanged over time. In terms of group differences, the healthy controls showed 
higher BV and HbO2 levels in the DLPFC than those in clinical group during the 
impromptu speech period, indicating higher activity in the DLPFC. Although 
performance deficits were not observed in this sample, subjects reported more anxiety 
from the baseline (pre-speech) to the speech task, and the clinical subjects showed greater 
anxiety at all stages relative to non-clinical subjects, as expected. Even while reciting 
random dates as a baseline, clinical subjects reported greater apprehension than the 
control subjects did. Prefrontal activation of the DLPFC of both groups showed a similar 
pattern, with increases from pre-speech to the speech task, and decreases from the speech 
task to post-speech. However, the clinical group showed less prefrontal activity compared 
to the non-clinical group during the speech task.  
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4.3.4 A model estimate of blood volume in the clinical samples 
 Based on their speech performance and anxiety described in the previous section, 
the clinical group was considered as the theoretical group having average performance 
and high anxiety, while the control group was considered as the theoretical group having 
average performance and low anxiety. Interestingly, when performance and anxiety 
together are considered together, results from the clinical and matched control groups 
were consistent with prior findings reported in chapter 3. That is, the average performing, 
low anxious subjects showed greater blood volume in the DLPFC than those who were 
average performing and highly anxious. These findings support the proposed model-
estimated prefrontal activation based on social anxiety and performance.  
 In terms of hypo/hyperactivation in the prefrontal cortex, very limited literature 
exists studying symptom provocation (e.g., public speech tasks) in clinical subjects. Only 
one relevant published paper by Lorberbaum and colleagues was discovered (2004), in 
which brain activation (i.e., subcortical, limbic, dorsal anterior cingulate, prefrontal 
cortex) was monitored in eight clinical subjects with social phobia using fMRI during 
speech anticipation. Consistent with the present results, their findings suggested less 
prefrontal activity during the speech task. More recently, Phan and Klumpp (2010) also 
reported that dysfunction of the frontal cortex can be predicted in the pathophysiology of 
SAD, and this impairment contributes to the hyperactivation in the amygdala among 
social phobic individuals (Phan et al., 2009). In line with these recent studies, less pre-
frontal activation observed in the clinical population in comparison to the non-clinical 
group may suggest some degree of impairment in the SAD group. 
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 Another related study by Tillfors and colleagues (2001) examined anxiety 
responses during a speech task. In this study, regional cerebral blood flow was measured 
using (15)O with PET and compared between subjects with and without SAD. The results 
indicated that increased anxiety was accompanied by enhanced rCBF in the amygdaloid 
complex in the social phobic individuals compared to the control subjects. At the cortical 
level (i.e., orbitofrontal and insular cortices), brain blood flow decreased in clinical 
subjects and increased in controls during public speaking. Again, since the fNIR signal 
cannot penetrate deeper than the cortical level, we were not able to confirm whether an 
increased anxiety was accompanied by enhanced blood volume and oxygenated 
hemoglobin concentrations in the amygdaloid complex in the socially phobic subjects. 
Nevertheless, the present results using fNIR spectroscopy are consistent with the limited 
prior literature, demonstrating decreased PFC activation among patients with SAD 
relative to controls.  
 Also, the fNIR technology can provide brain measures that may explain the 
relationship between brain activation, anxiety, and performance and hence can help us to 
better understand this common disorder.
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Table 5.Descriptive analysis on subjective anxiety (SUDS score) separated by group, 
gender and times differences 
 
Times Group Mean SD 
Pre-speech Non-clinical 4.0 7.3 
  Clinical 12.3 2.5 
  Total 7.6 7.0 
Average at speech Non-clinical 12.5 11.4 
  Clinical 41.1 12.7 
  Total 24.7 18.8 
Post-speech Non-clinical 13.0 16.1 
  Clinical 18.0 8.2 
  Total 15.1 12.6 
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Table 6.Descriptive analysis of averages and standard deviations on BV, HbO2, and Hb 
separated by groups, and times. 
 
 
         Times  / Group       
          
               
HbO2                
(moles) 
BV 
(mL/100mL) 
Hb 
(moles) 
pre-speech  
Non-clinical 
M .475 .476 .108 
SD .989 1.131 .450 
 
Clinical 
 
M .120 -.323 -.376 
SD .915 .981 .110 
Speech Non-clinical M 3.900 4.299 .617 
SD 2.524 1.840 .906 
Clinical 
 
M 2.002 1.723 -.284 
SD .785 1.025 .508 
post-speech Non-clinical M .279 .747 .252 
SD 1.372 1.795 .607 
Clinical 
 
M -1.011 -1.206 -.155 
SD .777 .754 .243 
Total Non-clinical M 1.551 1.841 .326 
SD 2.376 2.352 .677 
Clinical 
 
M .370 .065 -.272 
SD 1.497 1.534 .325 
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Figure 10. Changes in state-anxiety measured by SUDS during the pre-speech task, 
speech, and post-speech task in clinical and non-clinical groups.  
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Figure 11. Changes in DLPFC activation measured by blood volume during the pre-
speech task, speech, and post-speech task in clinical and non-clinical groups. The pattern 
of change was similar when activation was measured using oxygenated hemoglobin. 
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CHAPTER 5: CONCLUSION AND FUTURE DIRECTIONS 
 
 
 
 It is recognized that social anxiety is a condition of fear of negative evaluation by 
others and of embarrassment. In this current study, the neurophysiology of social anxiety 
was studied using the current generation of a brain imaging technology known as fNIR 
spectroscopy in a sample with varying levels of anxiety, ranging from subjects with low 
levels of anxiety to patients with clinical levels of social anxiety. Speech anxiety and 
brain measures (i.e., DLPFC activation) of anxiety obtained during a realistic anxiety-
provoking situation (i.e., a public speech task) were examined. Interactions between 
speech performance, state anxiety, and brain measures were investigated. We believe that 
this work is one of the first studies in the literature that attempted to provide more reliable 
and valid data to help in building a better understanding of this common disorder, beyond 
what is possible with the applications of existing brain imaging technologies.  
5.1 Preliminary findings 
 We designed our experiment with two stimulus situations: (a) a baseline, non-
threatening situation, to measure the DLPFC activation and level of subjective anxiety 
while the subject was under low social pressure (reciting a random dates and months for 
thirty seconds), and (b) an anxiety provoking situation, to evaluate DLPFC activation and 
level of anxiety while the subject was giving an impromptu speech in front of a small 
audience.  
 Under stimulus situation (a) we found no difference in DLPFC activation between 
those with high vs. low trait anxiety when subjects were citing random dates and months, 
and there was no hemispheric difference within and between groups. As the task was less 
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difficult, the level of arousal as assessed by DLPFC activity did not differ across groups. 
In addition, no hemispheric differences between right DLPFC and left DLPFC were 
observed, which may indicate that negative and positive emotional states did not disrupt 
recall of knowledge and inhibit performance while under non-anxious or non-threatening 
conditions. Under stimulus situation (b), results showed that all individuals were 
experiencing anxiety while giving the speech; reporting higher speech anxiety from 
baseline to the speech task, where increases in DLPFC activation were found as well. 
However, there was no group difference on DLPFC activity during the speech task. As 
stated in the main specific aims of this study and described in more detail in chapters 3 
and 4, next we studied integration of emotional and behavioral outcomes into brain 
measures. We believed that such integration may provide more insight into the brain 
mechanisms involved in social anxiety.  
5.2 Primary and secondary findings 
 Based on our prior studies, increases or decreases in brain activation alone do not 
reflect level of behavioral skill and performance, and do not indicate a benefit from 
treatment. Therefore, it is important to know how an individual responded to socially 
anxious situations and, at the same time, to understand how they learn when facing 
stressful or difficult situations in relation to each other. Our findings suggest that changes 
in DLPFC activation can be associated with the interaction of speech performance and 
levels of speech anxiety. Individuals with varying degrees of social anxiety may have 
different fundamental mechanisms in the prefrontal brain region that affect speech 
performance.  
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 Some combination of efficient top-down inhibitory control, positive self-
motivation, high effort thinking, or “autopilot” thinking in the context of highly rehearsed 
behavioral performance may be needed to complete difficult social tasks and overcome 
socially anxious situations with good performance. In contrast, heightened self-focused 
attention, poor inhibitory control resulting in excessive fear or anxiety, or low motivation 
may lower performance. Among participants with varying levels of social anxiety, 
changes in self-reported speech anxiety were associated with changes in blood volume in 
both DLPFC hemispheres during the speech task. The high trait anxiety group reported 
higher speech anxiety than the low train anxiety group during the speech. In a small 
sample of clinical participants who met criteria for Social Anxiety Disorder, the results 
paralleled those predicted by the model derived from the non-clinical sample, where less 
DLPFC activity in the socially phobic sample in comparison to the matched non-clinical 
subjects was found, similar to analog group findings. 
 Lastly, the fNIR device is able to measure hemodynamic changes in the prefrontal 
region during different stages and times, and the present study demonstrates its utility in 
studying social anxiety in vivo.  
5.3 Strengths and Limitations 
 This study is one of the first to examine behavioral performance and level of 
anxiety as outcome measures in a social anxiety study related to changes in DLPFC 
activation. A novel model was proposed to explain the interaction between anxiety, 
speech performance, and DLPFC activation as a response to public speaking exposure. 
Poor performing individuals with high anxiety often have functional impairments that 
negatively impact their career, education, or personal success. Utilizing both emotional 
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and behavioral measures in the same protocol can create a clearer picture of changes in 
the prefrontal activation and hence may provide more useful data for understanding the 
pathophysiology of social anxiety. 
 Although fNIR spectroscopy represents a promising neuroimaging technology in 
the study of social anxiety since it allows the use of ecologically valid tasks, its results 
should be interpreted carefully, and its limitations should be acknowledged. Two 
important drawbacks to fNIR spectroscopy are its limited spatial resolution and depth 
penetration. Only moderate spatial resolution for cortical areas was provided by fNIR 
technology as compared to that provided by fMRI, which made it difficult for the 
investigators in the current study to distinguish between specific regions of the PFC (e.g., 
dorsolateral versus ventromedial PFC). With penetration of only ~1.5 cm depth, only 
cortical activation was monitored by fNIR spectroscopy and activity from deeper brain 
functions (e.g., limbic system activation (Freitas-Ferrari et al., 2010) cannot be detected 
with this technology. The intent of the study was to examine the prefrontal cortex, but it 
should be acknowledged that the involvement of subcortical regions in brain activity 
could not be assessed. 
5.4 Clinical implications and future directions 
Continued investigation into the neurological correlates of social anxiety and 
performance may eventually lead to matching of patients to specific treatments in order 
to improve long-term social performance and prevent relapse. Research examining the 
differential brain mechanism under socially anxious provocation may ultimately help us 
to determine whether baseline brain patterns might predict differential response to 
treatment interventions. Therefore, this work may eventually lead to clinical applications 
71 
 
to improve the treatment of social anxiety. In this section, we provide several avenues for 
future research. 
 Once the results of this pilot study are replicated and verified with the 
involvement of more subjects of various degrees of social anxiety from analog to clinical 
populations, investigators can examine the possibility of baseline fNIRS patterns 
predicting differential response to various therapies (e.g., medication vs. cognitive 
behavior therapy, or various subtypes of cognitive behavior therapy). For example, a 
therapist trained in speech performance scoring can evaluate a patient’s performance 
during an observed speech who can then integrate this observation with brain activity 
recorded by fNIRS technology in comparison to the pre-speech baseline.  The assessment 
of behavioral performance can be integrated with fNIRS data to individualize treatment. 
Previous findings by Glassman reported that acceptance and commitment therapy, for 
example, can lower right brain activity in public speaking phobia, and enhance 
performance. A recent study by researchers from the Massachusetts Institute of 
Technology investigated brain activation as measured by fMRI in response to angry vs. 
neutral faces or emotional vs neutral in social phobic subjects before and after they were 
treated with the protocol-based CBT. The results suggest the feasibility of using brain 
imaging technology for predicting treatment response (Doehrmann, Ghosh, Polli, 
Reynolds, Horn et al., 2012).  
Another novel track to explore in the future is to investigate whether 
neurofeedback (NF) (i.e., biofeedback training utilizing continuous neuroimaging data 
targeting a specific brain region) might allow subjects to manipulate neural activity in the 
DLPFC, which might in turn lead to reduction in anxiety and enhanced behavioral 
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performance. NF is a novel approach that uses explicit feedback to assist subjects in 
learning to control neural processes. Subjects can receive direct feedback regarding 
neural activity of a defined brain region to learn to bring that activity under more 
voluntary control. Training subjects to manipulate activity in a target brain region has 
been successful in recent studies (e.g. Ayaz et al., 2012; Scheinost et al., 2013; Wolpaw 
& McFarland, 2004; Yoo & Jolesz, 2002). Studies of NF with brain imaging technologies 
to predict treatment outcome for various disorders such as depression, obsessive-
compulsive disorder (OCD) or in healthy subjects exists (e.g. Ayaz et al., 2012; Dias & 
van Deusen, 2011; Egner, Zech, & Gruzelier, 2004; Sürmeli & Ertem, 2011). However, 
considering the high prevalence of anxiety disorders, unexpectedly only few studies have 
looked into the efficacy of NF in the treatment of social anxiety disorder. Most studies in 
generalized anxiety disorder (GAD) had been focused on predictions for pharmacological 
treatment outcome in particular brain region of interest (e.g. amygdala and anterior 
cingulate cortex) (Scheinost et al., 2013). Example of recent studies such as Scheinost 
and colleagues used fMRI NF to manipulate brain connectivity patterns in order to reduce 
anxiety in 10 subjects with high contamination-related anxiety and 10-matched subjects 
in a sham-feedback (SF) control group. Orbitofrontal cortex activation, which had been 
associated with contamination anxiety, was monitored and measured in real time, 
allowing subjects to alter the target brain region of interest. Results showed that subjects 
exhibited reduced resting state connectivity in limbic circuitry and increased connectivity 
in the DLPFC. Although NF results in alterations in brain networks, these changes only 
last for a few minutes following intervention (Scheinost et al., 2013). Another study by 
Egner, Zech, and Gruzelier (2004) used EEG topography to examine the impact of EEG 
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frequency band neurofeedback training on EEG topography in healthy subjects. Results 
claimed that the training was able to reduce anxiety and apprehension. In 2002, Yoo and 
Jolesz suggested that the visual feedback of the functional brain activation helped 
subjects to manipulate their task performance in order to accomplish the cortical activity 
they desired. Using the wearable fNIR technology, given its relatively low cost, comfort, 
and ease of use, may make repeated training sessions more feasible, and provide real-
time monitoring which might in turn result in more permanent clinical effects.  
The present study improved upon earlier work in this area (e.g., Tuscan et al., 
2013) by including “active” baseline conditions, thereby controlling for mere speech 
production. Future research could implement other baseline conditions to provide further 
controls. For example, participants might perform a simple math exercise to control for 
mental effort, given that the random date naming task used as a baseline in the present 
study involved minimal effort. This way, controls for baselines of i) no anxiety, no effort, 
just speech condition, and ii) no anxiety, speech and mental effort condition can be 
compared to the impromptu speech.  
In addition, during the socially anxious provocation, individuals could experience 
hyperventilation and an increase in heart rate and blood pressure, all of which can 
increase blood oxygen levels due to these systemic effects on top of the cognitive ones. 
Since the current generation fNIR spectroscopy system used in this study was not multi-
distance and no additional sensors to measure these systemic effects were present, the 
contribution of these effects in the results may have been missed. In the future, a multi-
distance fNIR spectroscopy sensor can be used to allow measurement of oxygenation 
changes in superficial layers such as skin and scalp providing only the systemic effects 
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other than cortical ones using additional short source detector separations. Additionally, 
with separate independent sensors heart rate, blood pressure and respiration can be 
measured and correlated with fNIR measures to evaluate the effects of systemic changes 
on brain based outcomes. 
Finally, rather than grouping fNIR optodes (i.e., optodes 3, 4, 5, 6 vs. 11, 12, 13 
and 14) and averaging the brain activity of these optodes, in the future measurements 
obtained at individual optodes can be studied to search for patterns or a peak of brain 
activation at specific brain regions. This approach may improve understanding of specific 
brain regions related to performance based-social anxiety. Moreover, a larger, full-head 
fNIR spectroscopy sensor would expand spatial coverage of cortical brain activity, 
providing insight into other brain regions beside the prefrontal cortex.  
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Appendix A: Demographics Form 
 
 
 
Age: _______   Year of Birth: __________________  
Gender (circle one): Male   or Female 
Employment status:  
(0)           full-time             (1)           part-time          (2)           occasional/per diem 
(3)           disability/SSI          (4)           no income 
Occupation:_____________________________ 
Student status (if applicable): (0)  full-time           (1)  part-time 
Student type (if applicable):   (0)  undergraduate (1)  graduate 
Marital/relationship status:  
(0)  single (no current romantic partner)  
(1)  married  
(2)  living with partner (not married)  
(3)  not living with current partner  
(4)  divorced  
(5)  widowed  
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Appendix A (Continued): Demographics Form 
 
 
 
Ethnicity (check all that apply):  
(0)  African American / Black  
(1)  Caribbean / Haitian  
(2)   African 
(3)   Asian American  
(4)   Asian / Pacific-Islander  
(5)   White / European American / Caucasian  
(6)   European  
(7)   Latino/Latina / Hispanic American / Hispanic  
(8)   Native American / American Indian  
(9)   Multiracial  
(10) Other: 
Is English your first language? (0)  Yes  (1)   No; I learned starting at age: ____ 
Have you been in counseling/therapy before? If so, please indicate date(s) and a brief description 
of treatment (including reason for treatment). Also indicate any medications you have taken 
(including dates) for mental health reasons. 
________________________________________________________________________  
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Appendix B:  fNIR Spectroscopy Safety Checklist 
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Appendix C: Subjective Units of Discomfort Scale (SUDS) 
 
 
 
0 – no anxiety, calm  
 
25 – mild anxiety, able to cope  
 
50 – moderate anxiety, some trouble focusing  
 
75 – severe anxiety, thoughts of leaving situation  
 
100 – very severe anxiety, worst ever experienced 
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Appendix D: Speech Performance Scale (SPS) 
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Appendix E: Social Phobia Anxiety Inventory (SPAI) 
 
 
 
 Below is a list of behaviors that may or may not be relevant for you. Based on your 
personal experience, please indicate how frequently you experience these feelings and thoughts in 
social situations. A social situation is defined as a gathering of two or more people. For example: 
A meeting; a lecture; a party; bar or restaurant; conversing with one other person or group of 
people, etc. FEELING ANXIOUS IS A MEASURE OF HOW TENSE, NERVOUS, OR 
UNCOMFORTABLE YOU ARE DURING SOCIAL ENCOUNTERS. Please use the scale listed 
below and indicate the number which best reflects how frequently you experience these 
responses. 
 
Please use the scale listed below and indicate the number which best reflects how frequently you 
experience these responses. 
 
1 2 3 4 5 6 7 
Never Very 
Infrequent 
Infrequent Sometimes Frequent Very 
Frequent 
 
Always 
 
1. I feel anxious when entering social situations where there is a small 
group 
2. I feel anxious when entering social situations where there is a large 
group  
3. I feel anxious when I am in a social situation and I become the 
center of attention 
4. I feel anxious when I am in a social situation and I am expected to 
engage in some activity 
5. I feel anxious when making a speech in front of an audience 
6. I feel anxious when speaking in a small informal meeting 
7. I feel so anxious about attending social gatherings that I avoid these 
situations 
8.I feel so anxious in social situations that I leave the social gathering 
9. I feel anxious when in a small gathering with: 
Strangers 
Authority Figures 
Opposite sex 
People in general 
10. I feel anxious when in a large gathering with: 
Strangers 
Authority Figures 
Opposite sex 
People in general 
11. I feel anxious in a bar or restaurant with: 
Strangers 
Authority Figures 
Opposite sex 
1  2  3  4  5  6  7 
 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
 
1  2  3  4  5  6  7 
 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
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People in general 
12. I feel anxious and I do not know what to do when in a new 
situation with: 
Strangers 
Authority Figures 
Opposite sex 
People in general 
13. I feel anxious and I do not know what to do when in a situation 
involving conflict with: 
Strangers 
Authority Figures 
Opposite sex 
People in general 
14. I feel anxious and I do not know what to do when in an 
embarrassing situation with: 
Strangers 
Authority Figures 
Opposite sex 
People in general 
15. I feel anxious when discussing intimate feelings with: 
 Strangers 
Authority Figures 
Opposite sex 
People in general 
16. I feel anxious when stating an opinion to: 
 Strangers 
Authority Figures 
Opposite sex 
People in general 
17. I feel anxious when talking about business with: 
 Strangers 
Authority Figures 
Opposite sex 
People in general 
18. I feel anxious when approaching and/or initiating a conversation 
with: 
 Strangers 
Authority Figures 
Opposite sex 
People in general 
19. I feel anxious when having to interact for longer than a few 
minutes with: 
Strangers 
Authority Figures 
Opposite sex 
People in general 
20. I feel anxious when drinking (any type of beverage) and/or eating 
in front of: 
Strangers 
Authority Figures 
 
1  2  3  4  5  6  7 
 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
 
 
 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
 
 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
 
 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
 
 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
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Opposite sex 
People in general 
21. I feel anxious when writing or typing in front of: 
 Strangers 
Authority Figures 
Opposite sex 
People in general 
22. I feel anxious when speaking in front of: 
 Strangers 
Authority Figures 
Opposite sex 
People in general 
23. I feel anxious when being criticized or rejected by: 
Strangers 
Authority Figures 
Opposite sex 
People in general 
24. I attempt to avoid social situations where there are: 
Strangers 
Authority Figures 
Opposite sex 
People in general 
25. I leave social situations where there are: 
Strangers 
Authority Figures 
Opposite sex 
People in general 
26. Before entering a social situation I think about all the things that 
can go wrong. The types of thoughts I experience are: 
Will I be dressed properly?  
I will probably make a mistake and look foolish 
What will I do if no one speaks to me? 
If there is a lag in the conversation what can I talk about?  
27. I feel anxious before entering a social situation 
28. My voice leaves me or changes when I am talking in a social 
situation 
29. I am not likely to speak to people until they speak to me 
30. I experience troublesome thoughts when I am in a social setting. 
For example: 
I wish I could leave and avoid the whole situation 
I experience troublesome thoughts when I am in a social setting 
If I mess up again I will really lose my confidence 
What kind of impression am I making? 
Whatever I say it will probably sound stupid 
31. I experience the following prior to entering a social situation: 
Sweating 
Blushing 
Shaking 
Frequent urge to urinate 
Heart palpitations 
 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
 
 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
 
1  2  3  4  5  6  7 
 
 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
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32. I experience the following in a social situation: 
Sweating 
Blushing 
Shaking 
Frequent urge to urinate 
Heart palpitations 
33. I feel anxious when I am home alone 
34. I feel anxious when I am in a strange place 
35. I feel anxious when I am on any form of public transportation (i.e., 
bus, train, airplane) 
36. I feel anxious when crossing streets 
37. I feel anxious when I am in crowded public places (i.e., stores, 
church, movies, restaurants, etc.)  
38. Being in large open spaces makes me feel anxious  
39. I feel anxious when I am in enclosed places (elevators, tunnels, 
etc.) 
40. Being in high places makes me feel anxious (i.e., tall buildings) 
41. I feel anxious when waiting in a long line  
42. There are times when I feel like I have to hold on to things because 
I am afraid I will fall  
43. When I leave home and go to various public places, I go with a 
family member or friend  
44. I feel anxious when riding in a car  
45. There are certain places I do not go to because I may feel trapped    
 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
 
1  2  3  4  5  6  7 
 
1  2  3  4  5  6  7 
1  2  3  4  5  6  7 
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